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ELWOOD  MEAD. 


The  statement  made  by  Thaer,  the  noted  leader  in  agricultural 
science  in  Germany  nearly  a  century  ago,  that :  **  An  agriculture  which 
has  mastered  the  control  of  water  so  tJiat  moisture  can  be  supplied  to 
the  soil  or  rem&ved  from  it  at  will,  instead  of  being  Uft  to  chance,  has 
reached  the  highest  possible  degree  of  perfection,''  has  far  greater 
significance  to-day  than  it  had  when  uttered ;  and  no  more  convincing 
evidence  of  its  truth  can  be  found  than  is  furnished  by  the  irrigated 
lands  of  California,  where  the  benefits  of  putting  water  on  the  land 
by  irrigation  and  the  evils  of  not  removing  the  surplus  by  drainage 
are  alike  conspicuous. 

The  area  of  land  irrigated  is  now  being  rapidly  extended,  and 
there  is  every  reason  to  believe  that  the  rate  of  this  extension  will 
become  greater  in  the  future.  There  are  several  million  acres  of  land 
susceptible  of  irrigation,  and  the  water  to  irrigate  it  is  now  running  to 
waste.  Its  productive  capacity  and  selling  value  would  be  quadrupled 
if  ** moisture  can  be  supplied  at  will,  instead  of  being  left  to  chance,** 
and  the  rising  values  of  both  land  and  water  will  now  permit  of  the 
expenditure  to  do  this. 

Each  new  area  brought  under  irrigation,  each  new  increase  in  the 
water  taken  from  streams  or  lifted  from  under-ground  supplies,  gives 
rise  to  new  questions  regarding  water  titles  and  adds  to  the  impor- 
tance of  canal  management.  Hence,  while  our  knowledge  of  irriga- 
tion is  constantly  extending,  we  are  also  constantly  being  confronted 
with  new  problems  which  have  to  be  solved.  Those  most  familiar  with 
irrigation  and  most  skilled  in  its  practice  find  in  its  changing  condi- 
tions a  constant  field  for  study,  while  beginners  find  that  the  difference 
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between  irrigated  agriculture  and  agriculture  dependent  on  rainfall 
requires  of  them  a  knowledge  of  many  things  wholly  new  and  strange. 

A  large  percentage  of  the  lands  being  brought  under  irrigation  are 
being  settled  by  men  from  humid  sections  of  the  country  who  must 
learn  in  some  way  how  to  grade  their  fields,  how  to  lay  out  laterals, 
how  much  water  is  needed,  and  how^  often  to  use  it.  California  is 
vitally  interested  in  these  farmers  becoming  skillful  users  of  water  in 
the  shortest  possible  time.  Too  much  water  is  almost  as  bad  as  too 
little.  Wasteful  use  by  one  irrigator  often  ruins  his  neighbor's  crop 
and  injures  his  own.  The  injury'-  from  alkali  is  chiefly  due  to  wasteful 
or  unskillful  use  of  water. 

It  is  believed  that  the  University  of  California  can  aid  in  the  gen- 
eral improvement  of  irrigation  practice  by  extending  the  work  now 
being  done  in  the  class-room.  This  includes  instruction  in  Irrigation 
Engineering,  Irrigation  Institutions,  and  Irrigation  Practice.  We 
have  decided  to  offer  reading  courses  in  Irrigation  Institutions  and 
Irrigation  Practice.  Under  Irrigation  Institutions  are  included  the 
business  and  financial  methods  under  which  canals  are  built,  how  the 
rights  to  the  water  which  fills  them  are  acquired,  and  the  conditions 
and  terms  on  which  irrigators  are  supplied.  Irrigation  Practice  will 
include  descriptions  of  the  methods  of  preparing  land  for  irrigation, 
the  cost  of  such  preparation,  the  results  of  measurements  to  determine 
the  amount  of  water  used  in  irrigation  and  the  factors  which  influence 
it,  and  description  of  the  methods  of  irrigation  employed  in  California, 
for  fruit  growing,  fields,  and  gardens. 

Those  desiring  to  enroll  themselves  as  readers  should  make  appli- 
cation to  W/'SLjCawrbe,  Assistant  Superintendent,  University  Exten- 
sion in  Agriculture,  Berkeley,  California.  Each  reader  will  be  fur- 
nished with  a  text-book  in  the  branch  of  the  subject  which  he  desires 
to  study.  He  will  be  expected  to  make  himself  thoroughly  familiar 
with  its  contents.  A  circulating  library  is  also  provided  for  collateral 
reading  and  reference.  These  books  should  be  read  as  carefully  as 
possible,  in  accordance  with  the  directions  given  in  this  circular.  After 
the  completion  of  the  work  here  outlined,  an  examination  will  be  ar- 
ranged with  some  one  connected  with  the  Department  of  Irrigation 
Institutions  and  Practice. 

These  courses  may  be  considered  a  University  course  given  in  ab- 
sentia, and  must  be  pursued  with  the  same  care  and  thoroughness  as 
though  done  in  the  class-room  in  Berkeley.  The  names  of  those  com- 
pleting these  courses  will  be  kept  as  a  special  mailing  list;  and  they 
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will  receive  thereafter,  not  only  the  bulletins  of  the  Experiment  Sta- 
tion, but  all  circulars  and  notices  of  special  publications  on  irrigation 
issued  by  the  United  States  Department  of  Agriculture.  Those  read- 
ing in  these  courses  by  themselves  will  receive  the  books  forming  the 
reference  library,  one  at  a  time,  by  express,  and  will  be  required  to  pay 
the  express  charges  both  ways.  There  will  be  no  fees  or  other  charges 
to  be  paid  by  the  students,  except  for  damage  to  books  beyond  reason- 
able wear.  The  Irrigation  Department  will  attempt  to  answer  letters 
of  inquiry  of  readers  in  this  course,  and  to  assist  them  in  any  questions 
they  may  find  in  their  studies. 

Reading  Circle. — It  is  strongly  recommended  that  wherever  pos- 
sible a  reading  circle  be  formed  for  mutual  helpfulness  in  this  study. 
Where  this  is  done,  the  whole  reference  library  will  be  sent  to  the 
member  designated  by  the  circle,  and  the  distribution  can  be  arranged 
to  suit  the  convenience  of  the  members.  We  would  suggest  that  the 
circle  form  an  organization,  changing  a  sum  for  membership  sufficient 
to  raise  a  fund  not  only  to  pay  the  express  charges  on  the  circulating 
library,  but  also  to  buy  a  few  books  on  the  subject  for  the  local  library 
or  as  a  nucleus  for  a  public  library,  if  one  is  not  already  in  existence 
in  the  community.  Thus  the  work  of  the  circle  will  become  more  per- 
manent. 

Another  advantage  of  the  organization  of  a  reading  circle  will  be 
the  possibility  of  personal  instruction  by  a  visit,  to  the  community,  of 
a  member  of  the  staff  of  the  Irrigation  Department.  Where  possible, 
some  such  arrangement  as  the  following  will  be  made :  After  the  com- 
pletion of  the  course  by  the  circle,  a  date  will  be  arranged  for  this  visit ; 
and  if  provision  can  be  made  for  the  projection  of  pictures  on  a  screen, 
the  instructor  will  come  prepared  to  give  an  illustrated  lecture  com- 
paring California's  irrigation  methods  with  those  of  other  countries. 
The  instructor  will  also  come  prepared  to  give  a  day  to  considering 
with  his  class  the  local  problems  of  interest  or  importance. 

Those  who  enroll  as  students  will  be  expected  to  make  reports  of 
their  progress,  and  in  these  reports  to  bring  out  the  relation  of  what 
they  are  reading  to  local  conditions  or  practice.  This  will  aid  the  in- 
structor in  making  suggestions  as  to  further  studies.  Comparisons 
by  the  reader  of  local  practice  or  local  problems  with  the  description 
and  discussion  of  the  text  will  give  life  and  interest  to  the  work.  In 
addition  the  reader  should  seek  to  arrive  at  independent  conclusions 
as  to  both  the  institutions  and  practice  needed  to  secure  the  best  de- 
velopment of  irrigated  agriculture  in  his  section.    To  this  end  it  is  sug- 
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gested  that  each  reader  prepare  at  the  beginning  of  his  course  a  set  of 
questions  which  embrace  the  things  of  greatest  interest  to  him  person- 
ally.   The  following  list  is  suggestive  of  what  these  may  embrace : — 

IRRIGATION  PRACTICE. 

1.  Is  check  irrigation  suited  to  mixed  farming  and  rotation  of  crops  f 

2.  What  plan  of  applying  water  in  irrigation  is  adapted  to  the  largest  number 

of  crops,  and  hence  to  the  adoption  of  a  rotation  system  f 

3.  Which  is  better  suited  to  the  irrigation  of  orchards,  checks  or  furrows! 

4.  How  often  should  orchards  be  irrigated? 

5.  How  often  should  alfalfa  be  irrigated,  and  whenf 

6.  Does  it  pay  to  irrigate  small  grain! 

7.  What  are  the  benefits  of  winter  irrigation,  and  can  crops  be  grown  by  winter 

irrigation  alone? 

8.  Is  seepage  water  or  alkali  a  menace? 

9.  If  so,  when  do  its  ill  effects  begin  to  be  manifest,  and  what  are  the  causes? 
10.     Is  complete  under-drainage  feasible?    If  so,  at  what  depth  should  the  drains 

be  laid? 

IRRIGATION  INSTITUTIONS. 

1.  What  is  the  proper  foundation  for  water  titles — riparian  rights,  appropria- 

tions, or  licenses  issued  by  the  State  ? 

2.  Should  water  rights  for  irrigation  be  attached  to  the  land  irrigated? 

3.  Should  there  be  an  official  State  record  of  water  titles? 

4.  Should  charges  for  water  be  based  on  the  acres  irrigated,  or  on  the  quantity 

of  water  used? 

5.  Which  are  more  efficiently  managed — canals  operated  by  water  companies,  or 

canals  operated  by  farmers? 

6.  What  is  the  most  convenient  unit  of  volume  for  the  delivery  of  water — the 

inch,  the  cubic  foot  per  second,  the  gallon,  or  the  acre  foot? 

7.  What  volume  of  water  will  give  the  best  return  from  an  acre  of  land?    What 

volume  will  give  the  highest  return  from  the  acre  foot  of  water? 

8.  What  is  the  better  practice  in  irrigation — to  apply  water  with  the  object  of 

securing  the  largest  return  from  the  land,  or  the  best  return  from  a  unit 
volume  of  water? 

9.  What  is  the  value  of  water  for  winter  irrigation?     What  is  its  value  for 

summer  irrigation? 

The  books  included  in  this  course  bring  together  the  results  of 
practical  experience  and  scientific  observation  in  widely  separated 
sections  of  the  countr>%  and  it  is  believed  will  aid  in  determining  what 
is  best  suited  to  the  widely  varying  conditions  of  this  State.  It  is  also 
hoped  that  it  will  contribute  to  bringing  about  a  clearer  understanding 
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of  the  complex  and  important  water  problems  of  California  which 
have  been  created  t)y  the  increasing  needs  of  users  for  irrigation,  the 
growing  consumption  of  water  by  cities  and  towns,  and  its  augmented 
value  for  power  purposes.  The  protection  of  existing  rights,  the  ad- 
justment of  rival  and  conflicting  claims  of  the  different  classes  of 
users,  and  the  wise  direction  of  future  development,  make  the  manage- 
ment of  the  water  resources  of  California  its  most  important  indus- 
trial issue. 

INSTRUCTION  IN  IRRIGATION  AT  BERKELEY. 

For  the  information  .of  those  who  desire  to  continue  their  studies 
in  Irrigation  at  the  University,  it  may  be  stated  that  a  complete  course 
in  Irrigation  Engineering  is  given.  The  courses  given  by  the  Depart- 
ment of  Irrigation  and  the  courses  in  the  College  of  Agriculture  most 
directly  related  to  Irrigation  are  as  follows : — 

1.  Xrrigation  Institutions  and  Economics.  Professor  Mead. 
Present  conditions  of  irrigation  in  the  United  States;  irrigation  legislation; 

methods  of  establishing  rights  to  water;  inter-state  problems;  conditions 
necessary  to  development  of  the  agricultural  resources  of  the  arid  West; 
comparisons  of  irrigation  methods  and  laws  of  other  lands  with  those  of  the 
United  States;  irrigation  in  humid  sections  of  the  United  States;  operation 
of  irrigation  works,  individual,  cooperative  and  corporate  enterprises;  na-. 
tional  irrigation;  water  right  contracts;  duty  of  water.  Lectures  and  reci- 
tations. 

2.  The  Diversion,  Conveyance,  and  Application  of  Water. 

Professor  ETCHE^^:RRY. 
Properties  of  water;  units  of  measurement;  flow  of  water  through  orifices, 
over  weirs  and  in  open  and  closed  channels;  gauging  laterals,  canals,  and 
streams  by  means  of  floats,  current  meters,  weirs,  modules ;  irrigation  works 
classified;  diversion  weirs  and  headgates;  alignment^  slope  and  cross-section 
of  canals;  suitable  grades  for  required  velocities;  construction  and  mainte- 
nance of  canals;  flumes  and  pipes  for  irrigation,  their  construction  and  use; 
methods  of  applying  water  to  land;  duty  of  water.  Full  illustrations  by 
lectures  and  practical  problems. 

2a.  Irrigation  Design.  Professor  Etcheverry. 

The  design  of  irrigation  structures,  such  as  headgates,  flumes,  and  drops.    Prep- 
aration of  detailed  estimates  of  cost  of  such  structures. 

3.  The  Conservation  of  the  Water  Supplies.  Professor  Etcheverry. 
Sources  of  water  supply;  precipitation,  run-ofl'  and  fluctuation  in  stream-flow; 

loss  of  water  by  evaporation  and  seepage;  return  waters;  removal  of  sur- 
plus and  seepage  waters ;  reclamation  of  alkali  lands  by  means  of  drainage ; 
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storage  of  water  in  natural  lakes  and  artificial  reservoirs;  utilization  of 
subterranean  sources  of  supply  by  means  of  pumps,  drains,  tunnels;  con- 
servation of  soil  moisture;  influence  of  forests  on  water  supply. 

4.    Drainage.  Professor  Etgheverry. 

Structure  of  soil  and  its  relation  to  drainage;  necessity  for  drainage;  its  ef- 
fects on  the  soil;  ground  water  and  its  flow;  laying  out  drains;  distance 
between;  depth  of,  grade  of;  size  of  tile;  kinds  of  drains;  drainage  sys- 
tems and  districts;  estimates  of  cost. 

AGRICULTUBE. 

iB.  Ohemlstry  and  Pbysics  of  Soils. 

Professor  Hilgard  and  Assistant  Professor  Louqhridge. 
Origin,  formation,  and  classification  of  soils.  Physical  properties  and  mechan- 
ical analysis;  chemical  composition.  Soil  analysis — its  methods,  utility, 
and  interpretation.  Policy  of  culture;  exhaustion  of  soils  and  their  fertil- 
ization and  restoration;  drainage,  irrigation,  soils  of  the  arid  and  humid 
regions;  soil  regions  of  the  Pacific  coast. 

4a.  Agriculture.  Professor  Wickson. 

Field  cultures  of  grains,  vegetables,  and  forage  plants. 

4b.  Horticulture.  Professor  Wickson. 

Principles  and  practice  of  fruit  growing  in  semi-tropical  countries,  with  special 
reference  to  California  conditions  and  methods. 


Suggestions  for  Readers  in  Irrigation  Courses. 

IRRIGATION  PRACTICE. 
Volume  1. — Text-book. 
Volume  2. — Collateral  reading:  King  on  Irrigation  and  Drainage. 

The  text-book  in  Irrigation  Practice  is  made  up  from  a  series  of 
bulletins,  the  larger  part  of  which  were  prepared  by  members  of  the 
station  staff  or  professors  in  the  University  of  California. 

It  begins  with  a  description  of  the  methods  and  tools  used  in  pre- 
paring land  for  irrigation  and  the  methods  of  applying  water  to  crops. 
This  is  followed  by  a  description  of  some  of  the  home-made  devices  by 
which  fanners  can  lay  out  their  own  laterals. 

Next  comes  a  discussion  of  irrigation  practice  with  special  relation 
to  condition's  in  California,  and  includes  irrigation  in  field  and  garden, 
irrigation  in  fruit  growing;  and  the  results  of  the  irrigation  of  orchards 
on  the  Pacific  coast.  This  portion  of  the  text  will  give  an  understand- 
ing of  the  principles  which  underlie  irrigation  practice  in  California, 
so  far  as  the  preparation  of  land  and  application  of  water  are  con- 
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cerned.  The  reader  is  then  prepared  to  take  up  the  study  of  the  spe- 
cial methods  and  practices  employed  in  diflferent  parts  of  the  State. 
Those  given  are  from  the  Southern  and  Central  portions  of  California. 

The  summary  of  investigations  of  the  amount  of  water  used 
throughout  the  United  States,  which  follows,  is  intended  to  aid  the 
reader  in  reaching  a  conclusion  as  to  the  area  which  can  be  served  by 
the  water  supply  of  his  section.  The  concluding  pages  of  the  bulletin 
deal  with  some  of  the  evils  of  irrigation  and  the  methods  by  which 
they  may  be  overcome.  The  two  chief  evils — the  swamping-up  of  the 
lower  lands  of  the  irrigated  territory,  and  the  accumulation  of  alkali 
in  the  surface  soil — both  have  their  origin  in  seepage  waters.  This  is 
followed  by  the  results  of  some  of  the  alkali  and  drainage  studies  made 
in  the  State. 

As  collateral  reading  for  the  text-book,  Chapter  III,  King's  work 
on  Irrigation  and  Drainage,  published  by  Macmillan  &  Co.,  pages  131 
to  170  and  pages, 269  to  289,  may  be  read  with  profit. 

IRBIGATION  INSTITUTIONS. 

Volume  1. — Text-book:  Irrigation  Institutions,  by  Mead,  pubUshed  by  Macmillan 

•&  Co. 
Volume  2. — ^A  Report  on  Irrigation  in  California,  published  by  the  Office  of  Ex- 
periment Stations,  United  States  Department  of  Agriculture. 
Volume  3. — Canal  and  Stream  Management. 

The  course  in  Irrigation  Institutions  is  intended  to  give  an  under- 
standing of  the  legal  and  economic  principles  which  govern  the  man- 
agement of  streams  and  the  distribution  of  water  from  canals  in  the 
states  where  irrigation  has  assumed  large  importance.  The  text  gives 
an  outline  of  the  evolution  of  these  laws  and  customs. 

Volume  2  describes  the  conditions  prevailing  in  some  of  the  valleys 
of  California.  Volume  3  gives  some  examples  of  canal  management  in 
a  number  of  the  Rocky  Mountain  states,  and  follows  this  with  a  de- 
scription of  the  methods  for  acquiring  rights  from  streams  and  the 
division  of  water  between  those  holding  these  rights. 

For  information  concerning  Instruction  in  Irrigation  at  the  Uni- 
versity of  California,  address  B.  A.  Etcheverry,  Assistant  Professor  of 
Irrigation,  Berkeley,  California. 

^Por  information  concerning  reading  courses  in  Irrigation,  address 

flHHBBDIarke,  Department  of  University  Extension  in  Agricul- 
ture, Berkeley,  California. 
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PREPARING  LAND  FOR  IRRIGATION  AND  METHODS  OF 
APPLYING  WATER. 


IHTEODTJCTIOH. 

The  diversity  in  irrigation  methods  in  use  on  western  farms  is  largely 
due  to  the  early  training  and  environment  of  the  irrigators  them- 
selves. Among  the  120,000  irrigators  of  Western  America  are  to 
be  found  nearly  all  classes  and  nationalities.  Each  settler  from 
another  State  or  from  a  foreign  country  introduces  on  his  farm  some 
custom  or  practice  common  to  his  old  environment.  This  is  particu- 
larly noticeable  in  the  conservative  Chinese,  who  irrigate  the  truck 
gardens  near  towns  and  cities  in  Chinese  fashion.  The  same  is  true  of 
the  Italians,  Spaniards,  and  Mexicans,  who  imitate  for  a  time  at  least  the 
ways  of  their  forefathers.  It  also  applies,  but  to  a  less  degree,  to  those 
who  come  from  humid  States.  The  farmer  who  lives  until  maturity 
in  the  Mii^issippi  Valley  and  then  moves  west  onto  an  irrigated 
farm  does  not  as  a  general  thing  adopt  new  ways  of  farming  until 
crop  failures  compel  him  to  do  so.  Even  then  the  old  ways  of  doing 
things  are  mixed  with  the  new. 

Then,  apart  from  the  influence  which  early  tmining  may  exert,  there 
is  always  present  the  vital  question  of  money.  Many  new  settlers 
have  not  the  means  to  prepare  their  fields  for  easy  and  eflScient  irriga- 
tion. Thej^  are  compelled  to  resort  to  crude  methods,  which  rob  them 
of  a  part  of  their  possible  profits. 

The  large  stockmen  pasture  cattle  "and  sheep  on  public  lands  and 
irrigate  only  sufficient  native  meadow  and  alfalfa  to  supply  the  needs 
of  their  stock  in  midwinter.  With  this  class  irrigation  is  a  side  issue 
and  seldom  receives  the  attention  which  it  deserves. 

Others  again  have  another  excuse  for  their  poor  methods.  They 
are  tenants  and  wish  to  obtain  the  greatest  immediate  returns  for  the 
least  possible  expense.  At  the  other  extreme  one  finds  the  so-called 
*' agriculturist,"  who  makes  his  money  selling  merchandise  in  the  city 
and  spends  it  on  his  farm  in  the  country.  This  class  is  content  with 
small  returns  for  large  outlays;  for  to  such  people  farming  is  a  pastime. 

The  size  of  the  fanii  has  also  much  to  do  with  the  manner  of  irrigat- 
ing it.  On  large  farms  it  has  been  difficult  of  late  years  to  hire  the 
help  needed  during  the  busy  season.  In  consequence,  owners  have 
been  forced  to  expend  more  labor  and  money  in  preparing  the  surface 
for  more  rapid  and  easy  irrigation.     On  the  other  hand,  the  farmer 
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who  cultivates  a  small  tract  with  the  assistance  of  his  boys  can  obtain 
better  crops  at  less  cost  for  implements,  machinery,  and  materials  by 
going  without  the  latest  improvements  and  having  all  labor  performed 
by  the  members  of  the  family. 

Another  cause  of  diversit}'^  is  the  character  of  the  water  supply  for 
the  farm.  The  way  a  field  is  watered  frequently  depends  on  the  man- 
ner in  which  water  is  delivered.  One  man  may  receive  a  small  flow 
continuously  for  months,  another  may  receive  a  large  volume  for  a 
short  time,  and  a  third  may  be  dependent  on  a  mountain  creek  which 
may  have  a  flood  flow  in  May  and  be  dry  in  July.  It  will  be  readily 
seen  that  all  irrigation  works  pertaining  to  the  farm  should  be  planned 
to  suit  the  source  from  which  water  is  obtained  and  the  regulations 
governing  its  delivery. 

Climate  has  a  still  greater  influence.  It  is  the  cloudless  sky,  the 
high  summer  temperature,  the  excessive  evaporation,  and  the  lack  of 
rainfall  that  compel  western  farmers  to  irrigate  It  is  none  the  less 
true  that  the  elements  which  go  to  make  up  the  general  term  "cli- 
mate "  differ  in  every  locality.  Over  the  vast  area  of  1,433,830  square 
miles  which  lie  west  of  the  one  hundredth  meridian  there  is  the  widest 
diversity.  No  two  States  or  river  basins  have  the  same  climate.  On 
the  border  land  between  the  wet  and  dry  regions  irrigation  is  not  an 
absolute  necessity.  It  is  resorted  to  only  in  years  of  scanty  rainfall. 
At  the  other  extreme  is  the  irrigated  section  of  southern  California, 
where  irrigation  not  only  is  a  necessity,  but  must  be  practiced  the 
greater  part  of  the  year.  The  average  annual  rainfall  at  San  Diego, 
Cal.,  for  example,  for  the  past  fifty-two  years  has  been  only  9.43  inches. 
What  is  true  of  luinfall  applies  with  equal  force  to  evaporation  and 
temperature.  The  evaporation  from  an  irrigated  field  in  Arizona  in 
midsummer  is  quite  different  from  what  it  is  in  Wyoming. 

There  is  a  wide  diversity  in  the  soils  and  subsoils  of  the  arid  region. 
This  diversity  calls  for  modifications  in  the  methods  employed  in 
preparing  the  surface  and  applying  the  water.  The  farmer  in  one 
locality  can  not  use  the  furrow  system  on  account  of  the  porous  nature 
of  the  soil  and  subsoil.  A  stream  might  run  for  days  and  days  in  a 
furrow  and  not  advance  beyond  a  sandy  "  sump.'-  In  other  localities 
nothing  but  furrows  can  be  used  for  the  reason  that  the  fine  particles 
of  basaltic  soil  bake  so  readily  when  the  surface  is  flooded  as  to  damage 
the  crops. 

The  nature  of  the  surface.,  as  well  as  the  steepness  of  the  slope,  is 
likewise  to  be  considered.  The  hog  wallows  of  California  are  first 
cousins  to  the  buffalo  wallows  of  Montana.  In  every  locality,  wherever 
found,  this  unfavorable  formation  of  alternate  height  and  hollow  must 
receive  special  treatment.  The  methods  suited  to  an  even,  uniform 
slope  do  not  apply  to  such  land. 
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A  good  eiample  of  steep  gi-ades  may  be  seen  in  going. from  Sacra- 
mento, Cal.,  to  Reno,  Nev.  The  orchards  on  the  western  slope  of  the 
Sierras  seem  to  be  on  edge.  Here,  as  elsewhere  throughout  the  West, 
costly  trials  and  patient  effort  have  finally  overcome  the  difiiculty,  and 
these  orchards  are  now  irrigated  with  much  the  same  ease  as  orchards 
on  gentle  slopes. 

And,  finally,  the  variety  of  crops  raised  is  a  cause  of  differences  in 
irrigation  methods.  There  is  a  wonderful  diversity  in  the  cultivated 
plants  of  the  irrigated  farm,  from  the  native  blue  joint  of  the  North 
to  the  date  palm  of  the  South,  and  from  the  corn  fields  of  the  Elast  to 
the  citrus  groves  of  the  West.  For  each  of  these  scores  of  plants 
some  particular  kind  of  soil,  climate,  and  locality  will  suit  best.  There 
is  also  for  each  the  proper  time  to  sow  and  to  reap,  to  cultivate  and  to 
irrigate. 

"Everything  grows  in  California,"  said  a  Franciscan  monk  of  Santa 
Barbara  last  April.  This  growth,  however,  is  seldom  due  to  natural 
conditions.  The  highest  intelligence  is  required  to  sow  the  seed  in 
the  right  place  and  to  properly  care  for  the  plant.  Frequently  other 
soils  and  other  climates  produce  the  seeds  which  are  made  to  flourish 
in  a  western  desert. 

Many  reasons  might  be  given  for  publishing  descriptions  of  differ- 
ent methods  of  preparing  land  and  applying  water.  It  is  thought 
advisable,  for  instance,  that  the  farmers  of  one  arid  State  shall  be 
made  familiar  with  the  practices  of  those  of  their  calling  in  other  arid 
States.  Again,  since  there  are  so*  many  different  ways  of  perform- 
ing the  same  task,  it  is  considered  wise  to  bring  together  in  one  pub- 
lication such  information  regarding  different  methods  as  will  enable 
the  reader  to  make  an  intelligent  comparison.  There  is  also  a 
desire  to  place  in  the  hands  of  the  new  settlers  on  irrigated  farms 
some  of  the  lessons  of  costly  experience  of  the  past  fifty  3'ears. 

In  the  reports  given  herein  no  effort  has  been  made  to  cover  the 
entire  arid  region  or  to  describe  all  of  the  different  methods  adopted. 
Notwithstanding  this  necessary  limitation,  the  information  contained 
in  this  bulletin  represents  in  a  general  way  the  entire  West. 

The  most  prevalent  mode  of  preparing  the  surfaces  of  fields,  laying 
out  and  building  lateral  ditches,  and  wetting  the  soil  in  the  following- 
named  localities  have  been  described: 


SUte. 

Locality. 

1              State. 
Montana 

Locality. 

WanhiDgton 

Yakima  Valley. 
Cache  la  Poudre  Valley. 
Salt  Lake  Basin. 
Western  Nebraska. 
Truckee  Valley. 
Western  Kansas. 

Gallatin  Vallev. 

Colorado 

California 

fSanta  Clam  Valley. 
J  San  Joaquin  Valley. 
'  Southern  California. 
Umperial  Valley. 

Utah 

ttahnkMkfL 

Nevwia   .    ..... 

Kansas 

30439— JNo.  146—04- 
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Much  more  space  has  been  given  to  California  than  tb  any  other 
State.  The  reasons  for  this  are  not  far  to  seek.  In  climate,  topog- 
raphy, and  soil  products  it  possesses  a  wide  range.  As  a  result,  there 
is  not  only  great  diversity  in  the  kinds  of  crops  produced,  but  also  in 
the  manner  of  preparing  the  land  for  irrigation  and  supplying  it  with 
moisture. 

PEEPABIHO  LAHB  FOE  lEBIOATIOH. 

CLEABING  AN1>  LEVEI^IKQ  LAND  IN  IMPEBIAL  VALLEY, 
CALIFOBNLA. 

The  land  in  Imperial  Valley  has  a  uniform  grade  of  from  2  to  6  feet 
per  mile,  which  is  well  adapted  to  irrigation,  but  the  removal  of 
"  mesquite  mines,"  sagebrush,  and  greasewood  on  the  top  of  hum- 
mocks taxes  the  ingenuity  of  irrigators.  Sometimes  the  workmen 
remove  the  brush  from  the  top  of  a  hummock  with  mattocks.  This 
method  is  slow  and  expensive,  and  the  workman  is  often  obliged  to  dig 
for  a  long  time  to  remove  a  single  gnarled  root.  A  better  and  cheaper 
method  is  the  use  of  a  railroad  rail  to  each  end  of  which  a  team  is 
hitched.  The  rail  should  be  bent  to  a  V  shape,  thus  giving  much 
more  power  in  cutting  and  tearing  up  brush  when  dmgged  over  and 
back.  The  brittle  branches  are  broken  oflf  below  the  ground,  or  the 
shrubs  are  pulled  up  by  the  roots.  The  brush,  which  is  quite  inflam- 
mable on  account  of  an  oil  which  it  contains,  may  be  burned  at  once. 
The  land  is  then  ready  for  leveling.  The  iniplements  most  commonly 
used  are  the  scraper,  the  rectangular  leveler,  and  the  planer. 

THE    USE  OF  SCRAPERS. 

Scrapers  are  in  great  favor  for  leveling  land  throughout  California. 
In  the  Imperial  Valley  they  are  handled  by  Cocopah  Indians,  who 
work  for  $1.50  per  day  and  board  themselves. 

The  scraper  most  commonly  used  is  strong,  portable,  and  has  a  wide 
range  of  use.  It  loads  quickl^^  and  loses  but  little  in  transportation. 
After  the  load  is  dumped  the  team  may  be  turned  readily,  and  when 
empty  the  scraper  is  drawn  with  sagging  traces.  It  has,  however,  the 
following  disadvantages:  (1)  The  sudden  strain  on  the  team  and  the 
dumping  biniises  the  shoulders  of  the  animals;  (2)  skill  in  handling  is 
necessary  to  rapid  work  and  experienced  help  is  usually  difficult  to  find; 

(3)  the  laborers  object  to  the  constant  lifting  in  loading  and  dumping; 

(4)  large  hummocks  are  often  full  of  limbs  and  roots  of  mesquite; 
mesquite  mines,  so  called,  will  catch  on  the  blade  of  the  scraper,  mak- 
ing it  impossible  to  load  until  the  root  is  removed.  Leveling  with 
the  scraper  is  more  expensive  than  with  the  other  implements  yet  to 
be  described.  However,  hummocks  10  to  20  feet  in  diameter  and  5  to 
10  feet  high  can  be  removed  in  no  other  way.     But  if  such  heaps  of 
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earth  are  numerous  their  removal  will  not  be  profitable  for  ordinary 
crops.  Land  of  this  character  has  been  leveled  with  the  sci-aper  at  an 
average  cost  of  |3  to  $5  per  acre.  No  attempt  is  made  to  have  the 
land  perfectly  level;  the  farmers  are  satisfied  with  a  uniform  slope. 

THE   RECTANGULAR  LEVELER. 

Land  on  which  the  hummocks  are  more  or  less  uniform  in  size  can 
be  more  cheaply  and  quickly  leveled  by  means  other  than  the  use  of 
the  scraper.  An  implement  in  favor  in  Imperial  Valley  for  the  reduc- 
tion of  these  hummocks  is  a  rectangular  leveler.  This  machine  (fig.  1)  is 
large  and  strong  enough  tx>  remove  hummocks,  shrubs,  roots,  and  all. 
It  is  a  rectangular  frame  30  feet  long  and  12  feet  wide  made  of  4  by 
12  inch  timbers,  preferably  Oregon  pine.  The  12-foot  timbers,  six 
in  number  and  6  feet  apart,  except  No.  4,  are  spiked  or  bolted  to  the 
30-foot  side  timbers  andhave  iron  tightening  rods  beside  them.    Scraper 

TAPERINC  LEVEP  rf'6»MTES 
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Fig.  1.— Rectangular  leveler. 


No.  4  is  attached  to  hangers  in  such  a  way  as  to  be  moved  up  and  down 
by  a  lever.  Each  crosspiece  is  shod  on  the  wearing  side  with  plates  of 
steel  f  inch  by  6  inches;  thus  each  acts  as  a  scraper.  The  machine 
weighs  1,600  to  2,000  pounds.  It  is  drawn  by  16  horses  attached  by 
chains  and  eveners  to  the  ends  of  the  side  timbers.  Cross  braces  of 
2  by  6  inch  timbers  give  rigidity  against  strains  in  drawing  and 
turning.  '  The  lever  is  shown  in  the  upper  part  of  figure  1. 

The  machine  is  practically  six  levelers,  each  made  more  effective  by 
the  total  weight  including  the  operators.  The  large  chains  aud  eveners 
by  which  the  team  is  attached  are  of  no  small  value  in  preparing  the 
waj^.  If  the  hummock  is  capped  with  brush  the  tops  are  broken  by  the 
eveners,  the  stems  are  scattered,  and  the  earth  is  loosened.  The  first 
leveler  carries  before  it  and  gradually  crushes  most  of  the  brush  and 
removes  the  top  of  the  knoll,  spreading  the  sand  in  a  fan-shape  in  the 
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nearest  depression.  The  second  leveler  takes  off  more  earth  and  carries 
it  farther;  the  third  continues  the  process.  Scraper  No.  4  is  controlled 
by  the  lever  and  can  be  raised  and  lowered  at  will.  This  is  of  particular 
'  advantage  if  the  knoll  has  become  compact;  for  as  much  of  the  weight 
of  the  machine  as  desired  can  be  applied  to  this  scraper.  The  fifth  and 
sixth  levelers  complete  the  process.  The  machine  has  the  additional 
weight  of  the  driver  on  the  front  and  the  lever  tender  on  the  rear.  If 
there  is  uniformity  in  the  size  and  position  of  the  knolls,  and  this  is 
where  this  leveler  has  its  greatest  value,  the  field  is  worked  over  in 
long  narrow  lands,  from  one-half  a  mile  to  a  mile  long  and  100  or  200 
yards  wide. 

MODIFIED   BUCK   SCRAPER. 

This  implement  is  especially  useful  on  slightly  uneven  ground,  small 
detached  hummocks,  or  small  washes.  For  this  class  of  work  it  is 
preferable  by  far  to  any  other  known  to  the  writer.  A  similar  machine 
has  been  used  in  the  San  eToaquin  Valley  of  California. 


Cross  sect/oa/ 
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¥ui.  2.— Modified  buck  si-raper  (planer). 

This  leveler,  called  a  planer  (fig.  2),  is  composed  of  a  li-f  oot  horizontal 
or  base  timber  4  by  12  inches,  and  a  back  of  2-inch  lumber  18  inches 
high.  The  timbers  are  held  together  by  the  extension  of  the  steel  plate 
with  which  the  base  is  shod,  and  also  by  i  by  li  inch  iron  straps  from 
the  top  of  the  base  to  a  point  near  the  top  of  the  vertical  piece.  The 
base  is  beveled  toward  the  front  and  shod  with  plate  steel  to  make  it 
take  dirt.  Each  end  of  the  base  extends  1  foot  beyond  the  end  of  the 
vertical  portion  to  which  footboards  are  bolted.  Outside  of  and  below 
the  footboards  are  the  iron  straps  to  which  the  teams  are  attached. 
On  each  footboard  stands  a  driver  of  four  mules,  and  together  they 
govern  the  action  of  the  planer.  On  approaching  a  small  mound  the 
drivers  stand  on  the  forward  ends  of  the  footboards,  thus  depressing 
the  blade.  As  the  planer  moves  forward  a  layer  of  earth  is  shaved  off 
and  gradually  scattered  as  the  weight  of  the  driver  is  shifted  to  the 
rear  of  the  footboards.     The  teams  may  be  readily  turned  and  the  same 
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FiQ.  1.— Sagebrush  Plain,  Yakima  Valley,  Washington. 


Fig.  2.— Using  Buck  Scraper. 
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inound  again  approached.  The  manipulation  is  very  simple,  easy,  and 
effective.  The  planer  is  of  especial  value  in  conjunction  with  the  rec- 
tangular leveler  described  on  page  17.  When  the  larger  machine  has 
removed  and  reduced  the  brush  and  pared  down  the  major  part  of  the 
hummocks  the  remaining  part  may  be  quickly  removed  b}"  the  planer. 
In  this  way  the  land  can  be  more  cheaply  cleared  than  by  the  use  of  a 
railroad  rail  and  scrapers.  On  the  farm  of  W.  C.  Baymond,  east  of 
Imperial,  the  brush  and  hummocks  were  removed  on  200  acres  for 
$225,  or  $1.13  per  acre.  The  completion  of  the  leveling  with  the 
planer  will  cost  $1  to  $1.50,  depending  on  the  topography,  making  an 
average  cost  of  $2.13  to  $2.63  per  acre  for  clearing  and  leveling.  The 
planer  may  also  be  used  to  advantage  with  scrapers. 

OLEABINa  AND  LEVEIilNa  LAND  IK  WASHINGTON. 

Land  in  the  Yakima  Valley  is  covered  with  sagebrush  and  is  usually 
rough.  (PI.  I,  fig.  1.)  If  greasewood  is  found  mingled  with  the  sage- 
brush to  any  considerable  extent  the  land  is  regarded  with  suspicion, 
since  this  brush  is  looked  upon  as  an  index  of  the  presence  of  injurious 
alkali  in  the  soil. 

The  roots  of  sagebrush  are  all  near  the  surface  and  the  earth  about 
them  is  loose,  so  that  the  removal  of  the  brush  is  not  difficult  nor 
expensive.  It  is  grubbed  with  a  sharp  mattock  which  cuts  the  roots 
below  the  surface  of  the  ground.  The  usual  cost  of  clearing  the  land 
by  hand  work,  including  burning  of  the  brush,  is  $3  an  acre,  though 
during  the  winter  when  labor  is  plentiful  it  is  sometimes  done  for  $2 
an  acre. 

Another  plan  for  clearing  the  land  of  brush  consists  in  drawing  a 
railroad  rail  across  the  field  and  doubling  back  over  the  same  tract. 
This  pulls  many  of  the  bushes  out  and  loosens  others,  so  that  the  sub- 
sequent work  required  is  much  lessened.  This  plan  is  not  regarded 
as  reducing  the  cost  of  the  work  materially,  but  it  is  more  expeditious 
than  the  first.  The  loose  brush  is  drawn  into  windrows  with  a  sage- 
brush rake  and  burned.  The  rake  has  strong  teeth  al)out  2  feet  long 
made  of  2  by  4  inch  scantling.  The  brush  is  sometimes  used  for  cov- 
ering stretches  of  sandy  road,  greatly  improving  their  condition  as 
soon  as  the  brush  is  once  crushed  into  place  by  travel. 

The  leveling  of  the  land  is  a  work  involving  more  time  and  expense 
than  anything  else  connected  with  the  starting  of  a  new  place.  Much 
of  the  land  consists  of  alternate  humps  and  depressions  of  from  1  to  3 
feet  in  height  or  depth,  not  infrequently  with  knobs  of  larger  dimen- 
sions. Few  implements  are  required  for  this  leveling,  the  plow  and 
the  hinck  scraper  being  chiefly  used.  The  work  is  often  done  by  con- 
tract, $15  an  acre  being  a  common  price  for  the  leveling  of  land  not  so 
rough  that  it  can  not  be  readily  "  bucked  "  off.     The  buck  scraper  is  a 
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most  effective  implement  for  moving  loose  or  sandy  earth  where  the 
haul  is  short.  Its  simplicity^  and  cheapness  also  commend  it  to  the 
farmer  and  contractor.  In  its  simplest  form  it  consists  of  a  plain 
scraper  made  of  2-inch  plank  having  a  steel  shoe  on  the  cutting  edge, 
and  a  tailboard  for  holding  it  in  position  while  filling  and  also  for 
controlling  the  angle  of  the  scraper  for  the  purpose  of  leveling  the 
earth  as  it  is  dumped.  The  size  commonly  used  for  four  horses  is  8 
feet  long  and  2  feet  wide.  It  is  securely  ironed  with  strap  iron  and 
bolted  together.  The  cost  of  a  scraper  of  this  size  is  $14.  An 
improvement  consists  of  a  tailboard  equipped  with  a  lever  by  means 
of  which  the  load  may  be  dumped  and  scattered  or  spread.  These 
scrapers  are  made  of  different  lengths  up  to  24  feet,  the  latter  size 
requiring  six  teams  to  operate.     (PI.  I,  fig.  2.) 

Some  skill  is  required  in  this  work.  The  prepared  surface  should 
be  even — that  is,  free  from  hollows  and  humps,  so  that  when  water  is 
turned  in  at  the  head  of  the  furrow  it  will  flow  across  the  field  without 
forming  pools;  and  the  slopes  should  be  as  uniform  as  practicable. 
Much  labor  and  inconvenience  in  irrigating  can  be  avoided  by  making 
the  leveling  as  perfect  as  possible.  Before  it  is  considered  finished, 
water  is  sometimes  turned  upon  the  field  and  its  surface  pi*actically 
tested  for  uneven  places,  and  additional  grading  done  afterwards  where 
shown  to  be  desirable.  An  ideal  field  is  one  which  slopes  gently  and 
uniformly. 

BEKOVINa  SAOEB&XrSH  IN  SALT  ULKB  BASIN. 

If  the  brush  is  not  more  than  3  feet  high  it  can  probably  be  loosened 
most  easily  by  plowing  the  land  in  the  early  spring  when  there  is  suf- 
ficient moisture  in  the  soil  to  favor  easy  plowing  and  when  the  roots 
are  filled  with  sap  and  can  be  cut  easily.  It  can  then  be  collected  in 
piles  or  windrows  by  means  of  a  hay  rake,  or  a  harrow,  and  burned. 
It  is  probable  that  two  plowings  wilf  be  necessary  for  a  complete 
removal  of  the  brush  and  a  sufficient  loosening  of  the  soil  to  permit  of 
crops  being  planted. 

In  case  the  brush  is  too  large  to  permit  of  the  land  being  plowed 
before  it  is  at  least  partially  cleared,  some  farmers  irrigate  the  land, 
which  decreases  the  growth  or  deadens  the  brush,  and  in  some  cases 
kills  it  entirely.  This  also  produces  a  ranker  and  more  abundant 
growth  of  grass  and  weeds.  After  these  have  been  well  dried  fires 
are  started  and  the  brush  is  burned  off,  after  which  the  plowing  can 
be  easily  done. 

Where  the  brush  is  very  large  and  it  is  desired  to  remove  it  at  once 
this  may  be  done  by  means  of  a  railroad  rail,  as  described  on  page  16. 
Most  of  the  brush  is  pulled  up  and  the  rest  is  broken  down  so  as  not 
to  interfere  seriously  with  the  subsequent  plowing.  The  part  pulled 
up  is  piled  and  burned  and  that  remaining  is  plowed  up. 
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After  the  land  has  been  cleared  it  must  be  leveled  so  that  lateral 
ditches  can  be  properly  constructed  and  irrigation  easily  accomplished. 
Where  the  inequalities  are*  but  slight  a  wooden-framed  harro.w  turned 
crosswise  and  upside  down  is  drawn  over  the  field.  In  this  way  some 
of  the  soil  is  taken  from  the  knolls  and  ridges  and  deposited  in  the 
low  places.  Sometimes  the  driver  rides  the  harrow  in  order  to  assist 
in  collecting  the  soil  from  the  knolls,  and  steps  off  when  a  low  place 
is  reached. 

The  same  purpose  is  sometimes  accomplished  by  means  of  a  leveler 
made  by  fastening  a  tongue  into  a  log  6  inches  to  1  foot  in  diameter. 
This  is  used  in  the  same  manner  as  the  harrow,  and  with  about  the 
same  result,  except  that  the  work  is  accomplished  in  less  time.  If 
the  inequalities  of  the  surface  are  considerable  and  the  soil  is  deep, 
scrapers  are  used. 

If  the  soil  is  shallow  and  the  value  of  the  land  is  high,  the  upper 
layer  of  soil  is  removed  from  a  strip  about  50  or  60  feet  wide  and  put 
in  piles  near  by,  after  which  the  lower  and  poor  soil  is  scraped  into 
the  depressions.  The  soil  first  moved,  together  with  the  upper  soil  on 
both  sides,  is  then  scraped  into  the  excavation  and  the  underlying  poor 
soil  is  taken  to  the  low  places.  The  better  soil  which  was  scraped  into 
the  excavation  is  then  evenly  distributed  over  the  surface  of  the  poorer 
soil  exposed. 

Water  is  sometimes  used  as  a  leveling  agency.  Laterals  are  made 
on  the  ridges  and  the  water  is  allowed  to  flow  toward  the  depressions 
or  swails  where  it  deposits  its  sediment.  In  case  the  hollows  are  steep 
they  are  obsti-ucted  by  manure  dams  and  the  sediment  is  held  by  them. 
Crops  are  produced  during  the  time  the  leveling  is  being  accomplished, 
so  that  this  method  is  comparativel}*^  cheap. 

PBEPABING    LAND    FOB    IBBIGATION    IK    GOIiORADO    AND 

WTOMING. 

Sagebrush  can  be  killed  by  copious  watering,  and  it  has  been  a  com- 
mon practice  for  farmers  to  destroy  it  by  irrigating  the  land.  As  a 
rule,  one  season's  soaking  will  kill  it.  The  roots  and  the  dead  plants 
can  be  removed  more  easily  than  the  living  sagebrush.  This  practice 
is  less  frequently  resorted  to  each  year,  since  water  is  becoming  too 
valuable  to  use  for  this  purpose. 

If  the  sagebrush  is  large,  tough,  and  deep-rooted,  grubbing  by  hand 
with  grubbing  hoes  may  be  necessary;  but  ordinarily  a  heavy  plow 
can  be  used  to  loosen  if  not  altogether  uproot  both  sagebrush  and 
greasewood.  In  contract  work  it  is  estimated  one  man  can  grub  or 
dear  1  acre  a  day,  and  an  energetic  man,  under  ordinary  conditions, 
should  be  able  to  grub  2  acres  a  day  with  the  aid  of  a  team  and  plow. 

After  land  has  been  cleared  of  brush  the  most  important  require- 
ment is  a  thorough  grading  of  the  land  to  be  watered.     The  freer 
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from  humps  and  depressions  the  surface  of  the  ground  the  more  uni- 
formly will  water  flow  over  it.  The  injurious  effects  of  attempting  to 
spread  water  over  uneven  surfaces  are  soon  apparent.  Water  settles 
in  the  low  ground,  waterlogging  the  soil  and  drowning  out  the  plant 
life,  while  an  insufficient  supply  reaches  the  higher  elevations,  leaving 
the  crops  to  burn  up.  When  once  the  surface  is  properly  graded  one 
paan  can  apply  the  water  to  every  part  of  a  field  with  greater  rapidity 
and  effectiveness  than  two  or  three  men  can  irrigate  a  like  area  where 
the  slopes  are  rough  and  uneven.  Grading  should  usually  be  done 
after  the  laterals  have  been  made,  as  it  will  be  found  that  less  grading 
will  be  required  than  in  reducing  a  whole  farm  to  a  uniform  slope. 
Too  much  stress  can  not  be  put  upon  the  importance  of  grading  the 
surface  of  the  field  between  the  laterals  at  the  outset.  The  improve- 
ment is  a  permanent  one,  and  the  time  and  labor  spent  will  be  repaid 
many  fold. 

The  ordinary  means  employed  for  leveling  the  surfaces  of  fields  is 
deep  plowing,  followed  by  harrowing,  after  which  the  use  of  a  grader 
or  drag  will  reduce  the  humps  and  leave  the  excess  soil  in  the  depres- 
sions. On  some  of  the  larger  farms  common  road  scrapers  are  used. 
On  other  farms  ordinary  railroad  rails  and  drags  of  homemade  design 
are  used. 

In  building  laterals  the  first  thing  to  be  considered  is  the  lay  of  the 
land  over  which  the  water  must  be  made  to  flow.  Judging  the  true 
slope  of  ground  by  the  naked  eye  is  very  uncertain;  for  even  the  most 
experienced  are  often  deceived  as  to  whether  the  surface  of  the  land  rises 
or  falls  in  a  given  direction.  Where  possible,  every  system  of  laterals 
should  be  laid  out  with  an  engineer's  level  and  a  contour  map  made 
of  the  whole  area.  In  lieu  of  the  services  of  a  surveyor  the  irrigator 
may  lay  out  his  own  laterals,  using  one  of  the  many  types  of  home- 
made leveling  devices.  The  average  grade  for  field  laterals  should 
vary  from  one-half  inch  to  1  inch  per  rod,  depending  upon  the  nature  of 
the  soil. 

No  special  devices  are  manufactured  and  put  upon  the  market  for 
building  laterals,  and  farmers  have  been  obliged  to  depend  upon  their 
own  ingenuity.  The  following  device  was  constructed  to  simplify  the 
work  of  excavating  ditches.  Two  steel-beam  plows,  one  with  a  right 
and  the  other  with  a  left  share,  were  placed  side  by  side  and  their 
beams  riveted  together.  The  shares  of  the  plows  were  spread  to 
give  the  furrows  a  width  of  2  feet  on  the  bottom.  The  rear  ends  of 
the  shares  were  rounded  instead  of  being  drawn  to  the  usual  point. 
Above  the  moldboards  of  the  plows  and  riveted  to  them  were  placed 
the  right  and  left  moldboards  of  old  alfalfa  plows.  (PI.  II,  fig.  1.) 
The  handles  bolted  to  the  lower  moldboards  were  spread  wider  than  in 
the  ordinary  plow  and  were  braced  to  the  beams.     (PL  II,  fig.  2.) 

The  beams  running  side  by  side  were  bent  apart  toward  the  end, 
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FiQ.  1.— Homemade  Lateral  Plow  at  Kight,  Front  View. 


Fig.  2.— Homemade  Lateral  Plow,  Rear  View. 
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affording  an  opening  wide  enough  to  insert  a  tt  by  4  inch  timber  2  feet 
long,  which  is  bolted  in  place  and  on  which  the  devices  are  fastened. 

This  plow  is  drawn  b}^  from  four  to  eight  horses,  according  to  the 
character  of  the  ground  and  depth  of  lateral  to  be  made.  In  one 
operation  it  turns  two  furrows  to  opposite  sides  of  the  ditch  and 
throws  them  high  on  the  banks,  leaving  an  unusually  clean  bottom  about 
2  feet  in  width.  Many  plows  of  different  sizes  similar  to  this,  made 
entirely  on  the  farm  or  with  the  help  of  the  village  blacksmith,  may 
be  seen  about  Greeley,  Colo. 

Another  homemade  furrowing  device  is  the  so-called  "A,"  which  is 
drawn  through  an  ordinary  plow  furrow  and  crowds  the  loose  earth 
to  the  sides.  No  description  of  this  implement  is  necessary,  as  it  is 
used  quite  commonly  throughout  the  West. 

LAYING  OUT  LATERALS. 

In  laying  out  a  system  of  laterals  to  serve  a  farm  of,  for  instance, 
160  acres,  it  is  important  for  the  future  saving  of  money  and  labor  to 
run  the  main  lateral  along  the  highest  portion  of  the  farm,  in  order  to 
command  the  greatest  irrigable  area.  This  sounds  so  reasonable  it 
aeems  scarcely  necessary  to  mention  it;  yet,  unfortunately,  many  an 
inexperienced  irrigator  upon  taking  up  a  new  tract  of  land  may  see  in 
the  area  of  his  farm  certain  broad  fields  of  gentlj'^  sloping  ground  so 
pleasing  to  the  eye  that  his  very  first  impulse  is  to  run  a  lateral  from 
the  nearest  point  in  the  main  canal  to  the  choicest  piece  of  ground, 
altogether  overlooking  or  not  duly  considering  the  worth  of  less  favor- 
able ground,  thereby  leaving  excellent  pieces  of  land  high  and  dry 
above  his  main  lateral.  When  the  time  comes  in  which  he  finds  it 
will  be  profitable  to  expand  the  cultivated  portions  of  his  farm  and  to 
put  every  square  foot  under  irrigation,  then,  instead  of  supplying  the 
fields  he  wishes  to  water  from  his  main  ditch  (perhaps  passing  near 
by),  he  discovers  the  necessity  of  going  to  his  original  source  of  sup- 
ply and  building  another  ditch,  often  paralleling  his  main  laterals,  but 
oa  higher  ground.  If  the  original  laterals  had  been  properly  located, 
instead  of  being  obliged  to  build  a  new  main  ditch  large  enough  to  carry 
a  suflScient  supply  for  his  whole  farm,  he  could  have  simpl}^  extended 
sublaterals  from  the  main  laterals  already  commanding  his  farm  and 
proceeded  to  reclaim  whatever  part  he  wished  of  the  unbroken  area. 

In  Wyoming  and  northern  Colorado  many  an  irrigator  can  be  found 
who  realizes  the  advantage  of  having  his  laterals  laid  out  with  a  sur- 
veyor's level,  in  order  that  when  the  time  comes  to  construct  his 
ditches  they  may  command  the  greatest  area  at  the  least  cost  and  be 
permanent.  The  most  emphatic  advice  given  by  old  irrigators  is, 
*'See  that  your  laterals  are  laid  out  to  the  best  advantage  at  the  outset 
and  that  your  fields  are  thoroughly  graded."  The  old  adage  that 
"  Work  once  well  done  is  twice  done"  can  be  applied  with  no  stronger 
significance  than  in  preparing  fields  for  irrigation. 
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COST. 


The  cost  of  preparing  land  for  irrigation  varies  with  the  condition 
of  the  ground  and  the  price  of  labor.  An  approximate  estimate, 
including  the  cost  of  removing  sagebrush,  plowing,  harrowing,  and 
grading,  has  been  made  from  infonnation  obtained  from  farmers  in 
southern  and  middle  W^'oming.  The  cost  of  grubbing  sagebrush  is 
based  upon  the  supposition  that  one  man  can  grub  an  acre  a  day. 
The  contract  price  for  such  work  is  $1.60  an  acre,  based  upon  the  fact 
that  the  usual  wage  paid  farm  hands  in  Wyoming  is  $30  a  month  with 
board,  which  is  considered  equivalent  to  a  wage  of  $45  a  month. 

The  cost  of  grading  land  depends  upon  the  condition  of  the  surface, 
but,  after  thorough  plowing  and  harrowing,  $1  per  acre  for  grading 
would  probably  cover  the  cost  in  most  cases.  Thus  to  prepare  land 
for  irrigation  the  cost  would  sum  up  as  follows: 

Per  acre. 

Grubbing  sagebrush $1. 50 

Plowing 2.50 

Harrowing 50 

Grading 1. 00 

Total 5.50 

PBEPABINa  LAND  FOB  IBBIGATION  IN  GAIXATIN  VALLEY, 

MONTANA. 

In  the  Gallatin  Valley,  Montana,  the  greater  part  of  the  plowing  is 
done  in  the  fall  after  the  crop  is  harvested.  Ordinary  walking  plows, 
sulkies,  and  disk  plows  are  used.  Back  furrows  are  avoided,  if  possi- 
ble.    In  the  spring  the  plowed  land  is  leveled,  harrowed,  and  seeded. 

LEVELING. 

A  number  of  different  devices  are  employed  to  reduce  the  surface 
to  an  even,  uniform  grade.  Some  of  these  are  homemade  and  cheap, 
while  others  are  controlled  by  patent  rights  and  are  more  costly.  Fig- 
ure 8  represents  one  of  the  homemade  land  gradei's.  Each  runner  is 
made  from  a  2  by  6  inch  joist,  16  feet  long,  and  is  bolted  to  another 
joist  of  the  same  size,  but  placed  2  inches  higher,  as  shown  in  "Sec- 
tion on  AB"  in  the  figure.  The  draft  attachment,  bracing,  and  cross- 
bars, shod  with  steel,  are  also  fully  shown  in  the  drawings. 

To  finish  off  a  field  prior  to  sifeding  and  give  it  a  smooth,  uniform 
grade  the  leveler  shown  in  figure  4  is  preferred.  The  framework  con- 
sists of  five  4  by  4  inch  timbers,  having  their  centers  raised  by  wheels 
13  inches  above  the  ground.  The  machine  is  12  feet  wide  and  7  feet 
loilg,  and  has  an  adjustable  steel-shod  share  11  feet  2  inches  long  and 
9  inches  deep.  This  implement,  when  operated  by  a  competent  man 
with  three  or  four  horses,  will  level  from  10  to  20  acres  in  a  day, 
providing  the  ground  is  tolerably- even.  Details  are  shown  by  the 
drawings.  f^  t 

Digitized  by  VjOOQ IC 


26 


LAND    6f9ADEff 


J^^'-^/d 


^  ^-jrtfWtf  7y  O 


When  the  surface  is  properly  graded  grain  may  be  sown  with  a  three 
or  four  horse  seeder.  In  this  work  care  is  taken  to  have  the  drills- run 
in  a  direction  to  facilitate  the  distribution  of  water  between  the  field 
ditches,  since  the  water  readily  follows  the  drill  marks. 

In  the  Grallatin  Valley  a  cereal  crop  grows  until  the  plants  are 
about  6  inches  high  before  preparations  are  made  to  irrigate  it. 
In  average  seasons  the  seed  is  usually  in  the  ground  by  the  10th  of 
May  and  the  rainfall  during  May  and  June  in  that  locality  is  seldom 
less  than  5  inchas  and 
is  often  as  high  as  7 
inches.  This  is  suffi- 
cient to  maintain  the 
vigor  of  the  plant  un- 
til it  attains  the  height 
named.  Cereals  are 
irrigated  for  the  first 
time  early  in  July. 
In  dry  seasons  the 
crops  begin  to  suffer 
in  June,  when  water 
must  be  applied,  al- 
though the  plants 
may  be  only  3  inches 
high.  The  be 
custom,  however 
and  one  which  insures 
larger  yields,  is  to  de- 
fer irrigation  wher- 
ever possible  until 
the  plants  cover  the 
ground  fairly  well. 

ESTABLISHING  GRADES 
FOR  FIELD  DITCHES. 

On  the  larger 
ranges  of  the  State 
field   ditches   or  lat-  ''-'^-•^'  ^-^^^4^^--^^) 

,  ^  ^  -  Fi%  8.— Homemade  land  grader. 

erals  are  frequently  ^ 

laid  out  by  means  of  the  engineer's  level.  When  the  slope  of  a 
40-acre  field  does  not  exceed  80  feet  to  the  mile,  the  level  is  set  up 
in  a  position  to  command  the  upper  half.  The  front  chainman  carries 
a  leveling  rod  and  the  rear  chainman  a  long-handled  shovel.  Some- 
times the  chain  is  dispensed  with  and  the  distances  are  ascertained  by  - 
pacing. 

A  beginning  is  made  by  holding  the  rod  on  the  surface  of  the  ground 
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at  the  highest  corner  of  the  field  and  next  to  the  supply  ditch.  The 
target  is  then  read  and  raised,  say  0.3  of  a  foot,  and  tKe  front  chain- 
man  stretches  the  chain  or  tape  to  its  full  length  of  100  feet  and 
endeavors  to  find  a  spot  of  the  right  elevation  to  suit  the  rod  reading. 
While  the  reading  is  being  taken  and  the  target  again  shifted  0.3  foot 
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Fig.  4.— Leveler. 

higher  the  rear  cnamman  makes  a  mark  in  the  soil  with  his  shovel. 
The  driver  of  the  ditch  plow  follows  the  rear  chainman,  keeping  at 
le^st  200  feet  in  the  rear  of  the  latter,  and,  being  seated  on  a  sulky,  he 
can  look  ahead  and  improve  on  the  grade  location  marked  out  by  curv- 
ing the  ditch  in  order  to  have  fewer  sharp  bends. 
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A  grade  of  0.25  per  100  is  ample  for  fields  that  are  carefully  leveled, 
but  if  there  are  surface  irregularities  it  is  well  to  increase  the  grade 
to  0.3,  or  even  0.4,  per  100. 

The  homemade  level  shown  in  figure  5  is  pretty  generally  used 
throughout  the  Gallatin  Valley  to  locate  ditches  and  laterals.  It  is 
carried  by  one  man,  and  an  assistant  makes  marks,  as  in  the  former 
case,  with  a  shovel 
to  guide  the  driver  '^ 
of  the  ditcher  which 
follows  him.  The  ' 
usual  grades  allowed 
are  from  i  to  1  of 
an  inch  to  the  rod. 

In  the  majority  of  cases  no  instruments  are  used  to  locate. field 
ditches.  The  proprietor  of  an  irrigated  farm  becomes  in  time  famil- 
iar with  the  slopes  in  different  directions.  He  also  learns  from  his 
experience  in  irrigating  the  high  and  low  portions.  Possessing  such 
knowledge,  he  can  usually  locate  the  field  ditches  by  eye  and  thus  save 
considerable  trouble  and  expense.  The  inexperienced,  however, 
should  not  attempt  this  method. 

FBEPABINa  ULND  FOB  IBRIGATION  IN  NEBRASKA. 

The  leveling,  grading,  or  smoothing  of  fields  for  irrigation  has  been 
little  practiced  in  Nebraska.  The  natural  smoothness  and  uniformitj^ 
of  the  prairies  has  made  it  possible  to  conduct  water  over  large  areas 
without  leveling.  Moreover,  under  a  majority  of  the  canals  in  the 
State  only  a  part  of  the  land  which  can  be  irrigated  has  water  applied 
to  it  regularly,  and  naturally  that  which  can  be  brought  under  irriga- 
tion with  the  least  preliminary  expense  is  first  used.  It  is  undoubt- 
edly true,  however,  that  in  many  instances  the  outlay  necessary  to 
smooth  the  surface  of  the  fields  would  have  been  more  than  repaid 
through  the  easier  distribution  of  the  water  and  increased  yield  of 
crops*  Tracts  which  lie  in  or  near  the  sand-hill  region  frequently 
abound  in  humps  or  small  hillocks,  which  hinder  the  even  and  effective 
distribution  of  the  water.  Many  of  the  irrigated  tracts  are  also  dotted 
by  small,  shallow  depressions  said  to  be  old  buffalo  wallows.  These 
depressions  catch  and  hold  the  water  which  reaches  them  either  in 
irrigation  or  from  rainfall,  and  the  drowning  of  the  crop  results.  A 
few  such  fields  have  been  smoothed,  but  they  are  small  and  scattered; 
so  that  no  practice  has  been  established,  and  representative  figures 
relating  to  cost  can  not  be  secured.  Work  has  been  done  on  some 
fields  in  the  Platte  Valley  to  the  extent  of  from  |1  to  $5  per  acre- 
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METHODS  OF  APPLTINO  WATXE. 

METHODS  IN  T7SE  IN  GAUFOBNIA. 

THE  CHECK  SYSTEM. 

Flooding  crops  in  checks  or  compartments  has  been  practiced  in 
various  forms  from  tlie  earliest  antiquity.  It  is  still  a  common  method 
of  applying  water  in  many  of  the  irrigated  regions  of  Asia,  Africa,  and 
Europe,  and  was  introduced  into  western  United  States  by  the  Span- 
iards, Mexicans,  and  Mexican  Indians.  On  the  banks  of  the  Rio 
Grande  in  New  Mexico  and  elsewhere  in  the  Southwest  one  still  sees 
crops  of  grain,  alfalfa,  and  vegetables  grown  and  irrigated  in  small 
rectangular  check  beds.  The  small  areas  inclosed  and  the  low  banks 
which  form  the  boundaries  closely  resemble  the  basins  in  irrigated 
orchards.  There  may  be  from  10  to  50  check  beds  on  a  single  acre, 
and  the  manner  of  flooding  the  check  beds  is  much  the  same  as  that 
described  in  basin  irrigation. 

Californians,  in  adopting  this  foreign  mode  of  irrigation,  introduced 
many  changes  to  adapt  it  to  American  ways  of  farming.  Strong 
teams,  heavy  plows,  and  large  scrapers  were  substituted  for  the  hoe, 
spade,  and  mattock  of  the  Mexicans.  The  owners  of  these  farms 
and  outfits  had  also  large  ideas  of  how  land  should  be  prepared  for 
irrigation.  In  their  opinion  the  small  check  bed,  20  by  40  feet,  sur- 
rounded by  a  10-inch  bank,  might  do  very  well  to  water  Meximn 
chili,  but  alfalfa  fields,  farmed  on  a  big  scale,  required  to  be  prepared 
in  a  wholly  different  manner.  These  men,  accordingly,  went  from 
one  extreme  to  the  other.  From  checks  containing  the  one-twentieth 
of  an  acre  they  increased  the  size  to  10,  20,  and  30  acres  in  each  check. 
These  large  checks  have*proved  failures  from  the  start.  The  farmers 
who  adopted  this  style  years  ago  have  had  no  end  of  trouble  in  lower- 
ing the  levees  and  reducing  the  size  of  the  checks. 

The  checks  of  from  2  to  5  acres,  which  the  farmers  around  Bakers- 
field  considered  about  the  proper  size  twenty  years  ago,  are  now 
thought  to  be  too  large.  There  are,  of  course,  conditions  in  which 
large  checks  may  be  used  to  good  purpose.  When,  for  example,  the 
slope  of  the  land  is  slight  and  the  volume  of  water  which  may  be 
turned  into  the  supply  ditch  is  large,  there  mignt  be  a  small  saving 
in  having  eight  checks  instead  of  60  in  a  40-acre  tract.  However, 
this  slight  saving  in  the  first  cost  of  preparing  the  land  is  soon  lost 
in  the  waste  of  water,  unequal  iiistribution,  and  consequent  lessened 
yields. 

Mr.  Steve  Luin,  superintendent  of  the  Madera  Canal  and  Irrigation 
Company,  advocates  in  the  strongest  manner  a  reduction  of  the  present 
checks,  which  vary  from  3  to  5  acres,  to  about  1^  acres  on  all  the 
10,500  acres  irrigated  by  that  canal.     At  present  the  usual  custom 
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throughout  the  San  Joaquin  Valley  is  to  limit  the  checks  to  an  average 
of  about  three-fourths  of  an  acre. 

As  regards  arid  America,  the  check  sj'stem  of  irrigation  is  confined 
principally  at  the  present  time  to  the  San  Joaquin  Valley.  It  is  also 
used  in  irrigating  the  rice  fields  of  Louisiana  and  Texas,*  and  a  modi- 
fication of  the  same  system  is  to  be  found  on  the  alfalfa  fields  of 
Arizona  and  in  the  Imperial  Valley  in  southeastern  California. 

There  are  several  reasons  why  irrigation  by  checks  should  be  so 
popular  in  the  San  Joaquin  Valley.  The  soil  in  many  parts  is  porous, 
containing  a  high  percentage  of  fine  sand.  In  such  districts  it  is 
doubtful  if  any  other  method  of  applying  water  would  be  so  success- 
ful. As  a  rule,  the  slope  is  also  slight,  which  enables  the  farmer  to 
form  check  after  check  with  only  a  few  inches  of  difference  in  eleva- 
tion. It  is  due,  however,  to  the  character  of  the  streams  which  fur- 
nish the  water  supply  for  the  valley  that  the  check  system  is  so 
generally  used.  These  streams  head  in  the  Sierra  Nevada  Mountains, 
where  the  precipitation,  particularly  in  the  form  of  snow,  is  heavy 
and  they  are  all  subject  to  floods  in  the  spring.  After  these  spring 
floods  subside,  the  flow  is  often  extremely  low,  owing  to  the  small 
catchment  area,  the  lack  of  summer  rains,  and  the  excessive  evapora- 
tion. Irrigation  works  have  accordingly  to  be  planned  to  take  care 
of  a  large  volume  of  water  during  the  spring  months.  The  Tuolumne 
River,  to  cite  a  somewhat  extreme  case,  frequentlj'^  discharges  enough 
water  to  cover  20,000  acres  a  foot  deep  in  a  single  day  in  May,  while 
the  total  discharge  for  the  month  of  August  may  be  little  more  than 
this.  In  great  fluctuations  of  this  nature  not  only  must  the  canal 
engineer  and  superintendent  adapt  their  structures  to  carry  large  vol- 
umes, but  the  irrigator  is  under  the  same  necessity  to  form  his  checks, 
sluice  boxes,  and  lateral  ditches  in  such  a  way  as  to  accommodate 
large  volumes  for  short  periods  of  time.  There  is  no  other  system 
practiced  in  the  West  which  enables  one  man  to  handle  from  10  to  20 
cubic  feet  per  second  without  assistance  and  with  little  waste. 

LAYINO   OUT  CHECKS. 

The  plan  followed  in  laying  out  checks  differs  more  or  less  in  each 
district  and  on  neighboring  farms.  It  is  seldom  that  two  engineers  or 
surveyors  adopt  the  same  methods.  In  the  description  which  follows 
there  has  been  given  in  a  general  way  and  with  some  changes  the  plan 
followed  by  Mr.  F.  E.  Smith,  of  Ceres,  Cal. 

One  man  is  equipped  with  an  ordinary  engineer's  level,  another  with 
a  leveling  rod,  and  a  third,  if  he  is  available,  carries  a  hatchet  and 
stakes  or  else  a  long-handled  shovel.     The  instrument  man,  by  taking 

^  U.  S.  Dept.  Agr.,  Office  of  Experiment  BtatioDs  Bui.  113,  Irrigation  of  Rice  in  the 
United  States. 


Digitized  by  VjOOQIC 


80 


fi 


r.. 


.■.■.■:■.■•■•••■■  ..-I 


Fia.  6.— Contour  lines. 


rod  readings  at  diflferent  points  of  the  field,  gains  a  general  knowledge 
of  the  high  and  low  places  as  well  as  the  different  slopes.  He  then 
sets  up  his  level  to  command  the  upper  end  of  the  field,  which  we  shall 
assume  contains  40  acres,  and  sends  the  rodman  to  the  highest  corner, 
where  he  drives  a  stake  flush  with  the  average  ground  surface  and 
takes  a  reading.  It  is  well  to  locate  this  starting  point  b}^  a  witness 
stake,  on  which  is  written  the  assumed  elevation,  so  that  this  bench 

can  be  readily  found 
when  needed  to 
check  levels.  If 
3-inch  contours  are 
desired,  the  rodman 
raises  the  target  5.2 
feet  and  proceeds 
from  the  high  cor- 
ner down  one  of  the 
margins  of  the  field 
until  the  level  line 
from  the  instrument 
again  intersects  the  middle  of  the  target,  where  a  stake  is  driven  to 
mark  the  beginning  of  the  first  contour.  The  rodman  then  proceeds 
with  clamped  rod  to  locate  the  first  contour  by  shifting  the  rod  from 
place  to  place  at  intervals  of,  say,  30  paces  until  the  target  is  on  a  level 
with  the  instrument.  These  points  on  the  contour  may  be  marked  by 
small  piles  of  dirt  or  by  temporary  stakes.  It  is  a  good  plan  to  follow 
the  rodman,  keeping  about  200  feet  in  his  rear,  with  some  sort  of  ditch 
plow  which  marks 
each  contour  by  a 
furrow.  A  walking 
plow  is  not  suitable 
for  this  purpose, 
since  the  plowman 
must  be  elevated  in 
order  to  see  over  the 
horses  and  improve 
on  the  line  indicated 
by  the  stakes,  or 
marks,  by  rounding 
out  the  angles.  In  like  manner  other  contours  are  laid  out  until  the 
40-acre  tract  presents  the  appearance  shown  in  figure  6. 

The  next  task  is  to  subdivide  the  space  between  the  contours  into 
checks  of  suitable  size  and  provide  for  the  location  of  boundary  and 
field  ditches  to  convey  water  to  each  check.  No  hard  and  fast  rule  can 
be  laid  down  for  the  arrangement  of  the  ditches.  The  field  under  con- 
sideration may  be  subdivided  as  shown  in  figure  7,  in  which  the  double 
lines  ir^^'cate  the  ditches  and  single  lines  levees.     This  40-acre  tract 


Fig.  7.— Contour  checks. 
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would  thus  contain  about  40  checks.  If  conditions  were  favorable 
and  it  was  deemed  advisable  to  have  the  checks  contain  on  an  average 
2  acres  instead  of  1,  the  same  diagram  would  apply  to  an  80-acre  tract. 

Many  farmers  prefer  to  go  to  extra  expense  and  to  handle  more 
surface  earth  in  order  to  have  rectangular  checks.  Figure  8  shows  the 
same  field  laid  out  in  rectangular  checks  as  nearly  uniform  in  size  as 
the  nature  of  the  ground  will  permit. 

In  building  the  levees  around  the  checks  scrapers  are  generally  used. 
All  high  parts  within  each  check  are  first  scraped  down  and  the  mate- 
rial thus  obtained  is  dumped  along  the  levees.  The  balance  of  the 
earth  required  to  complete  the  banks  is  obtained  from  the  highest 
parts  of  the  interior  of  the  checks,  which  leaves  this  space  quite  rough, 
but  fairly  level. 

The  field  is  then  plowed  and  harrowed  in  the  usual  way  and  the  seed 
sown.  The  time  of  sowing  alfalfa  extends  from  November  to  April, 
but  in  the  central  part  of  the  valley  many  prefer  the  first  week  in 
March.  The  soil  is  then  moist  from  winter  rains  and  no  irrigation  is 
necessary  until  the 
plants  cover  the 
ground.  From  20 
to  25  pounds  of  seed 
are  sown  to  the  acre 
without  any  nurse 
crop. 

After  plowing  and 
before  seeding  the 
levees  should  be  well 
harrowed  and  in 
some  cases  dragged 
down  so  as  to  present  the  appearance  of  low  embankments  having  a 
wide  base.  In  nine  cases  out  of  every  ten  the  sides  of  the  levees  are 
left  too  steep.  The  width  of  the  base  of  a  levee,  as  a  rule,  should  be 
eight  times  the  height  of  the  crest.  Thus  a  levee  9  inches  high  should 
have  a  base  width  of  6  feet.  The  height  depends  on  the  diflference  in 
elevation  of  the  contour  lines  and  the  depth  of  water  to  be  applied 
in  one  irrigation.  With  4-inch  contours  when  completed  and  settled 
the  levees  are  usually  9  inches  high.  This  leaves  a  margin  of  safety 
between  the  surface  of  water  in  the  check  and  the  top  of  the  levee, 
providing  the  depth  of  water  applied  does  not  exceed  (3  inches,  since 
a  portion  of  the  water  is  absorbed  by  the  dry  soil  before  the  check  is 
filled. 

CITBC-'K   OR  SLUICE   BOXES. 

The  check  or  sluice  boxes,  through  which  the  water  is  admitted  into 
the  checks,  vary  in  width  from  1  foot  to  10  feet.  They  are  rectangular 
boxes  passing  through  the  earth  embankments,  and  so  arranged  that 
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Fxo.  8.— Rectaii^lar  checks. 
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flashboards  can  be  readily  and  quickly  inserted  and  withdrawn.  The 
boxes  must  be  water-tight,  inexpensive,  and  so  made  and  placed  as 
not  to  obstruct  farm  implements. 

The  sketch  in  figure  9  was  made  from  a  medium-sized  Ik>x  which  was 
designed  and  used  by  Mr.  Joshua  Cowell,  of  Manteca,  Cal. 

Figure  10  shows  a  cheaper  box  which  is  common  in  Stanislaus 
County. 


FLOODING   CHECKS. 


Many  of  the  canals  in  the  San  Joaquin  Valley  are  operated  in  a  manner 
to  meet  the  needs  of  the  check  system.  Instead  of  delivering  a  small 
stream  for  a  long  period,  the  practice  is  to  deliver  a  large  volume  of 
water  for  a  short  period.     On  land  that  is  checked  one  man  can  handle, 

as  a  rule,  four  times 
as  mtich  water  as  he 
can  in  flooding  from 
field  ditches.  Un- 
der this  system  a 
flow  of  10  cubic  feet 
per  second  is  not  un- 
usual for  a  40-acre 
tract  of  alfalfa;  and 
since  this  amount 
would  cover  a  farm 
of  this  size  6  inches 
deep  in  twenty-four 
hours,  the  time  re- 
quired for  one  irri- 
gation is  usually 
brief.  On  sandy 
soil,  where  the  sur- 
face is  checked,  a 
large  .  volume  is 
much  the  best.    The 
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Fig.  10.— Check  box,  Hhowing  section  acrmw  embankment  at  top  and 
lengthwiao  of  bank  at  bottom. 

space  inclosed  in  each  check  can  then  be  rapidly  flooded  and  the  water 
evenly  distributed.  In  admitting  small  streams  to  a  check  much  is 
absorbed  at  the  entrance  end,  the  distribution  is  not  uniform,  and  a 
larger  percentage  is  lost  by  evaporation  and  seepage. 

com  OF  Chbckino  land. 

The  owner  of  an  irrigated  farm  can  prepare  the  surface,  providing 
he  has  the  necessaiy  teams  and  implements,  for  much  less  money  than 
it  will  cost  to  hire  it  done.  Work  of  this  nature  is  usually  done  dur- 
ing the  winter  months  in  California.  Field  lal)or  on  the  farm  can  be 
performed  with  more  comfort  in  January  and  February  in  the  San 
Joaquin  Valley  than  it  can  in  May  in  the  State  of  Illinois.     A  farmer 
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who  is  fairly  well  provided  with  help  and  teams  can  check  his  land 
with  only  a  small  cash  outlay  for  lumber  to  build  check  boxes. 
Those  who  are  obliged  to  contract  for  the  work  pay  from  $7.50  to  $20 
per  acre.  The  various  items  of  cost  are  shown  in  the  accompanying 
table  of  prices,  submitted  by  Mr.  Joshua  Cowell,  of  Manteca,  Cal. 
Mr.  Cowell  has  had  a  wide  experience  in  this  kind  of  work,  and  his 
figures  aim  to  represent  average  prices  as  they  existed  in  1900.  The 
estimate  also  includes  the  price  of  alfalfa  seed  in  the  ground. 

Egtimaied  cost  of  checking  and  preparing  W  acres  for  irrigation. 

Scraping  with  scrapers,  4  horses,  48  days,  at  $4 $192. 00 

Plowing  for  scrapers,  2  horses,  7  J  days,  at  $3 22. 50 

Surveying  contour  checks,  3  days,  at  $4  per  day 12. 0(>r 

For  4-foot  check  boxes,  No.  2,  redwood  lumber,  1,666  feet,  at 

124  per  1.000  feet 40.00 

Labor  and  hardware  for  boxes 26.00 

Six-horse  team,  plowing,  5  days,  at|6 25.00 

Four-horse  team,  harrowing,  2 J  days,  at  $4 10. 00 

320  pounds  of  alfalfa,  at  10  cents 32.00 

Sowing,  1 J  days,  at  $2 3.00 

Total 361.50 

Average  cost  per  acre 18.08 

The  figures  given  in  the  following  estimate  of  cost  represent  the 
actual  amounts  expended  by  Mr.  S.  Richardson,  of  Tulare,  Cal.,  in 
checking  and  seeding  160  acres  in  Tulare  County.  It  will  be  noted 
that  the  cost  of  the  check  boxes  is  not  included. 

Cost  of  checking  and  feeding  160  acres. 

Survey  (main  laterals  only) |7. 50 

Labor,  at  $1.15  per  day,  and  board 435. 33 

Teams  (mules,  at  50  cents  a  span  per  day) 294. 00 

Provisions,  feed,  etc 156. 87 

Lumber,  for  head  gate,  on  main  laterals  only 60. 00 

Repairs  on  tools 15. 84 

Plowing 155.00 

Alfalfa  seed,  10  pounds  per  acre,  at  11  cent** 170. 50 

Water  rental 230.00 

Cost  of  irrigating  (twice) 68.00 

Total 1,593.04 

Average  cost  per  acre 9. 96 

Average  ^ize  of  checks,  about  J  acre. 

Assuming  that  two  men,  each  working  12-hour  shifts,  will  irrigate 
on  an  avci-agc  15  acres  per  day,  and  that  their  wages,  board,  and  imple- 
ments cost  the  owner  ^5  a  day,  the  cost  of  one  irrigation  per  acre  would 
be  33i  cents.    Mr.  Richardson's  expense  for  this  was  slightly  more. 

THE    BORDER   METHOD. 

A  modification  of  the  check  system  as  used  in  the  Imperial  Valley 
of  southeastern  California  is  described  on  the  next  page.     A  similar 
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method  of  preparing  land  and  applying  water  is  practiced  in  the 
alfalfa  fields  of  Arizona  and  in  the  vicinity  of  Stockton,  CaL  The 
prominent  features  of  this  method  are  a  large  head  ditch  and  the  divi- 
sion of  the  field  into  long,  narrow  strips,  by  borders  of  earth.  These 
low  ridges,  or  borders,  serve  to  confine  the  water  within  each  strip  as 
it  slowly  traverses  the  field  from  top  to  bottom. 

In  Imperial  Valley  the  soil  consists  mainly  of  fine  sediment,  and  the 
slope  of  the  surface  varies  from  1  to  5  feet  per  mile.  The  rectangular 
checks  are  laid  off  with  the  long  side  in  the  direction  of  the  steepest 
slope.  These  checks  are  from  60  to  100  feet  wide  and  from  one-eighth 
to  one-fourth  of  a  mile  long.  A  feed  ditch  is  built  at  right  angles  to 
the  long  side  of  the  checks,  and  a  wooden  box  is  inserted  in  the  ditch 
bank  to  supply  water  to  each  check. 

The  wing  plow  is  most  frequently  used  to  make  the  borders,  or 
levees.  This  implement  differs  from  the  ordinary  plow  only  in  having 
a  large  curved  moldboard  to  throw  the  dirt  farther. 

Where  the  slope  is  excessive  or  very  irregular  contour  checks  are 
used.  The  fall  between  contours  is  usually  3  inches.  Contour  basins 
inclose  an  area  of  from  3  tp  20  acres.  These  large  basins,  whether 
rectangular  or  curved  according  to  contour  lines,  while  possessing 
some  advantages,  can  not  be  recommended.  The  chief  objections  to 
such  basins  and  the  manner  of  flooding  them  may  be  summed  up  as 
follows: 

(1)  A  large  head  of  water  is  necessary. 

(2)  A  large  stream  often  removes  the  soil  from  the  upper  end  and 
deposits  it  over  the  crops  at  the  lower  end  of  a  basin,  the  results  at 
both  ends  being  injurious. 

(3)  In  order  to  cover  the  higher  portions,  too  much  water  is  fre- 
quently used  on  the  lower  portions,  thereby  damaging  both  crop  and 
soil. 

(4)  There  is  great  waste  in  attempting  to  spread  water  over  so  large 
a  surface. 

(5)  A  temporary  lake  is  formed  at  the  lower  end  of  the  basin;  or 
else  the  water  enters  the  drainage  ditch,  which,  in  consequence,  must 
be  large. 

(6)  The  distribution  is  not  uniform,  the  high  spots  receiving  too 
little  water  and  the  low  spots  too  much. 

The  remedy  for  these  defects  can  be  readily  applied.  It  consists, 
in  brief,  in  forming  smaller  checks.  This  would,  of  course,-  increase 
the  cost  for  the  first  year,  but  the  gain  in  subsequent  years  would 
much  more  than  pay  for  additional  expense. 

FURROW  IRRIGATION. 

There  are  few  irrigated  farms  in  Western  America  where  furrow 
irrigation  in  one  form  or  another  is  not  practiced.     In  regions  devoted 
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chiefly  to  the  production  of  fruit  it  is  usually. the  most  common  mode 
of  irrigation.  In  other  colder  regions,  where  the  staple  crops  are 
grain  and  hay,  it  is  mostly  confined  to  root  crops,  vegetables,  and 
small  orchards. 

FURROW   IRRIGATION   FROM   EARTHEN   DITCHES. 

Briefly  described,  the  most  inexpensive,  ineflScient,  and,  at  the  same 
time,  the  most  common  method  of  furrow  irrigation  is  from  earthen 
ditches.  A  small  ditch,  often  paiullel  and  adjacent  to  a  permanent 
ditch,  extends  across  the  upper  boundary  of  the  tract  to  be  irrigated. 
In  one  embankment  of  this  small  ditch  openings  are  made  with  a  long- 
handled  shovel,  and  the  water  conveyed  by  the  ditch  issues  through 
these  openings  and  flows  down  the  furrows.  Theoretically  this  is  all 
that  is  required  for  proper  distribution,  but  in  practice  there  are  difli- 
culties  that  can  not  be  successfully  overcome.  It  is  impossible,  for 
instance,  to  divide  an  irrigation  stream  equally  among  a  large  number 
of  furrows  by  such  means.  This  is  shown  in  Plate  III,  figure  1,  in  an 
attempt  to  divide  water  between  the  rows  of  sweet  potatoes.  A  skilled 
irrigator  may  adjust  the  size  and  depth  of  the  openings  so  as  to  secure 
a  fairly  uniform  flow,  but  constant  attention  is  required  in  order  to 
maintain  it.  If  the  water  is  permitted  to  flow  for  half  an  hour  unat- 
tended the  distribution  is  likely  to  become  unequal.  The  banks  of  the 
temporary  ditch  absorb  water  and  become  soft,  and  as  the  water  rushes 
through  the  openings  erosion  enlarges  them,  permitting  larger  dis- 
charges and  lowering  the  general  level  of  the  water  in  the  ditch  so  that 
other  openings  may  have  no  discharge.  Even  if  it  were  possible  to 
divide  the  flow  of  the  ditch  equally  between  a  certain  number  of  fur- 
rows the  difliculty  would  not  be  overcome,  because  the  number  of 
divisions  would  invariably  be  too  small.  In  using  such  crude  methods 
it  is  difficult  to  divide  a  stream  of,  say,  4:0  miner's  inches  into  more 
than  about  10  equal  parts;  but  good  practice  frequently  caUs  for  a  flow 
in  each  furrow  of  from  one-fifth  to  three-fourths  of  a  miner's  inch, 
which  can  not  be  secured  by  this  method. 

In  irrigating  such  crops  as  corn,  potatoes,  sugar  beets,  and  vegeta- 
bles, all  of  which  are  planted  in  rows,  the  usual  practice  is  to  make 
furrows  midway  between  the  rows  with  a  light  plow  or  cultivator. 
Openings  are  then  made  in  the  ditch  bank  at  the  head  of  each  furrow. 
Sometimes,  however,  one  opening  feeds  two  or  more  furrows.  The 
latter  is  the  common  practice  when  the  head  ditch  is  permanent. 
Before  water  is  admitted  to  the  furrows  on  the  strip  to  be  irrigated  a 
check  dam  is  placed  in  the  head  ditch  opposite  the  lowest  furrow  of  the 
strip.  The  check  dam  may  consist  of  earth  or  of  manure  and  earth 
combined,  but  it  is  more  likely  to  be  a  canvas  dam  or  some  one  of  the 
many  kinds  of  tappoons.  The  purpose  of  this  check  is  to  hold  the 
water  in  the  head  ditch  at  the  desired  elevation  and  to  distribute  the 
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Plate  III. 


FiQ.  1.— Furrow  Irrigation  of  Sweet  Potatoes. 
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FiQ.  2.— Implei^ent  for  Making  Furrows  in  Orange  Orchard. 
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flow  between  the  furrows.  The  number  of  furrows  which  should 
receive  water  at  one  time  will  depend  on  the  crop,  the  volume  of  water 
in  the  head  ditch,  and  the  smoothness  and  texture  of  the  soil.  With 
the  crude  appliances  of  this  method  constant  attention  is  required  in 
order  to  distribute  the  water  somewhat  equally  among  the  furrows 
and  to  see  that  the  stream  flows  down  each  furrow  without  damming 
and  flooding  a  portion  of  the  crop.  As  soon  as  the  soil  is  sufficiently 
dry  the  furrows  are  filled  in  and  the  space  between  the  rows  cultivated. 

Figure  11  shows  a  sketch  of  the  "  V  "  scraper  or  "  crowder."  This  is 
one  of  the  most  convenient  and  serviceable  homemade  implements  for 
making  head  ditches,  whether  permanent  or  temporary.  In  the  sketch 
shown  the  shorter  arm  is  hinged  to  the  longer  And  the  "  V"  can  be 
adjusted  to  suit  ditches  of  different  sizes. 

Some  consideration  is  given  to  the  best  way  of  watering  a  field  at 
the  time  of  planting.  If  the  steepest  slope  is  likely  to  cause  erosion, 
the  rows  are  run 
diagonally.  When 
the  surface  is  roll- 
ing, the  rows,  par- 
ticularly if  they  con- 
sist of  fruit  trees, 
follow  the  contours 
on  thedesired  grade. 

In  this  kind  of 
furrow  irrigation 
one  man  will  irri- 
gate from  2  to  6 
acres  in  a  day,  and 

the  cost  of  one  irri-  ^'*'-  "-^^i"^^*^!^  "  V"  acmper  or  crowder. 

gation,  including  the  making  of  furrows  and  head  ditches,  will  vary 
from  about  50  cents  to  $1.60  per  acre. 

THE   U8B  OP  SHORT  TUBIfiB   IN    FURROW   IRRIGATION. 

In  furrow  irrigation  as  ordinarily  practiced  one  of  the  worst  defects, 
as  has  been  already  stated,  is  the  difficulty  of  dividing  a  stream  equally 
among  a  large  number  of  furrows.  A  simple  remedy,  which  is  both 
cheap  and  effective,  is  described  below,  and  its  general  adoption  in  all 
sections  of  the  West  where  no  better  appliances  are  in  use  is  recom- 
mended. Short  tubes  or  boxes  are  inserted  in  the  lower  bank  of  the 
head  ditch  a  trifle  below  the  surface  of  the  water  and  each  tube  fur- 
nishes a  supply  for  one  or  more  furrows.  In  permanent  ditches  with 
a  clearly  defined  high-water  mark  the  boxes  are  placed  at  the  same 
distance  below  this  mark;  but  in  a  new  ditch,  where  there  is  no  such 
mark,  the  boxes  may  be  placed  so  that  the  bottom  of  the  openings  will 
be  slightly  above  the  bottom  of  the  ditch.     The  flow  is  rendered  faii'ly 
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constant  by  means  of  a  small  gate  at  the  upper  end  of  each  tube.  The 
tubes  are  usually  made  of  wood,  are  from  12  to  36  inches  long  and 
nearly  square  in  section,  while  the  area  of  the  opening  left  for  the 
passage  of  water  varies  from  1  to  20  square  inches.  In  some  localities 
short  lengths  of  discarded  pipes  from  1  to  2  inches  in  diameter  are 
used. 

Figure  12  represents  a  common  form  of  tube,  which  was  designed  })y 
Mr.  B.  F.  Knapp,  of  Mountain  view,  Cal.  It  is  made  of  four  pieces  of 
i  by  31  inch  redwood  boards  14  inches  long,  nailed  together  in  such  a 
way  as  to  leave  an  opening  2i  inches  wide  and  31  inches  high.  On 
one  end  of  this  box  a  sheet  of  galvanized  iron  4  by  5  inches  and  about 
No.  22  in  weight  is  fastened  by  means  of  a  leather  washer  and  a  ()- 
penny  wire  nail.  The  flow  of  water  through  a  box  is  regulated  })y 
means  of  this  plate,  which  revolves  around  the  nail.  The  boxes  were 
made  and  used  by  Mr.  Knapp  to  irrigate  his  peach,  apricot,  and 

prune  orchards  in 
the  vicinity  of  Moun- 
tain view.  The  water 
supply  is  obtained 
from  a  pumping 
plant,  with  a  capacity 
of  1,(K)0  gallons  per 
minute,  located  in 
the  orchard.  Ordi- 
nary ditches  in  earth 

Fig.  12.— Tube  for  diverting  water  to  furrows.  extend       from       the 

pumping  plant  to  the  upper  boundaries  of  the  various  orchard  tracts, 
and  the  boxes  are  used  to  divide  the  water  equally  among  a  large 
number  of  furrows. 

Mr.  Knapp  prefers  deep  to  shallow  furrows  and  uses  a  smaller 
number  between  the  rows  of  trees  than  would  be  required  if  they 
were  shallow.  These  furrows  are  made  with  a  double  mold  board 
plow  attached  to  a  sulky  frame.  This  implement  loosens  the  soil 
to  a  depth  of  10  inches  and  makes  a  large  and  well-defined  furrow. 
When  it  is  desired  to  loosen  the  subsoil  of  the  orchard  and  allow 
the  irrigation  water  to  penetrate  the  soil  to  a  considerable  depth  a 
subsoiler  made  by  the  local  blacksmith  is  attached  to  the  plow 
and  also  to  the  sulky  frame.  This  combination  loosens  the  soil  to 
a  depth  of  15  inches.  Water  turned  into  furrows  of  that  charac- 
ter is  speedily  and  readily  distributed  to  the  deeper  roots  of  the 
tree  without  any  appreciable  loss  by  evaporation.  Soon  after  the 
water  is  applied  the  soil  is  smoothed  over  with  a  spring-toothed 
harrow.  When  the  boxes  are  propeily  set  and  the  furrows  run,  the 
work  of  irrigating  is  much  less  than  by  the  common  method  and  not 
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more  difficult  than  when  costly  appliances  are  used.  With  the  com- 
paratively large  boxes  herein  described  the  water  may  be  divided  with 
fair  accuracy  among  from  10  to  100  furrows  by  properly  controlling 
the  openings. 

At  the  time  of  the  writer's  visit  to  the  locality,  July  31,  1903,  two 
men  were  irrigating  a  28-acre  field  of  sugar  beets  on  an  adjacent  farm 
with  boxes  loaned  by  Mr.  Knapp.  The  water  was  conveyed  from 
Mr.  Knapp's  pumping  plant  through  an  8-inch  canvas  pipe  and  deliv- 
ered at  a  corner  of  the  field  of  sugar  beets.  From  there  it  was  car- 
ried in  rather  a  steep  supply  ditch  across  the  end  of  the  field.  The 
volume  carried  was  about  60  miner's  inches  and  was  divided  among 
about  half  as  many  rows  of  beets.  One  man  inserted  the  checks  and 
the  boxes  and  the  other  looked  after  the  distribution  of  the  water  in 
the  field.  While  the  water  was  retained  by  one  canvas  dam  a  second 
canvas  dam  was  inserted  50  to  100  feet  below,  the  distance  depending 
on  the  grade,  and  a  box  was  placed  opposite  each  furrow.  When  the 
beets  were  irrigated  as  far  as  the  first  dam  it  was  removed  to  a  point 
below  the  second  one  and  the  operation  of  putting  in  boxes  and 
irrigating  repeated.  An  extra  supply  of  boxes  was  kept  on  hand,  so 
that  there  was  no  necessity  to  use  other  than  dry  boxes. 

In  the  nurseries  at  Fresno,  Cal.,  a  similar  device  is  used  in  irrigating 
nursery  stock.  The  stock  is  set  out  in  rows  4  feet  apart  and  seldom 
more  than  500  feet  long.  A  furrow  from  3  to  4  inches  deep  is  made 
on  each  side  of  a  row  of  young  trees  and  about  9  inches  from  their 
base  with  a  small  walking  plow  drawn  by  one  horse.  Water  is  con- 
veyed to  the  nurseries  in  ordinary  earthen  channels,  but  the  distribu- 
tion is  made  by  small  wooden  boxes  made  of  common  pine  lath.  The 
opening  is  so  small  that  there  is  no  need  of  a  gate.  One  of  these  lath 
boxes  placed  with  its  center  2  inches  below  the  surface  of  the  water  in 
the  supply  ditch  would  discharge  0.7  miner's  inch;  if  placed  3  inches 
below  the  surface,  |;  and  if  4  inches,  a  trifle  more  than  1  miner's 
inch.  The  practice  on  the  orchard  referred  to  is  to  place  them  about 
2  inches  below  the  surface  and  to  divide  this  stream  equally  between 
two  furrows.  It  requires  about  twelve  hours  for  this  small  stream, 
0.35  miner's  inch,  to  reach  the  foot  of  the  rows,  500  feet  distant. 
The  cost  of  each  tube  in  place  does  not  exceed  3  cents.  The  nur- 
sery stock  is  irrigated  every  two  weeks  from  June  to  September, 
inclusive. 

Similar  tubes  are  used  on  many  of  the  navel-orange  orchards  of 
Tulare  County,  Cal.  Some  few  orchards  were  also  noticed  where 
short  pipes  supplied  the  place  of  the  wooden  boxes.  These  pipes  are 
usually  li  inches  in  diameter  and  about  24  inches  long,  and  are 
inserted  in  the  lower  bank  of  a  temporary  ditch.  The  water  is  held 
at  the  desired  elevation  in  these  temporary  ditches  by  earth  dams, 
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and   water    passes   from   one   division   to   another  through    a  short 
length  of  6-inch  pipe  which  is  built  into  the  earth  dam. 

These  homemade  devices  for  regulating  the  flow  in  furrows  may  be 
adapted  to  any  size  of  furrow.  The  box  first  described  has  an  opening 
of  nearly  8.5  square  inches  and,  if  placed  with  its  center  4  inches 
below  the  surface,  would  discharge  7.5  miner's  inches  under  a  6-inch 
pressure.  Such  boxes  are  intended  for  large  furrows.  On  the  other 
hand,  the  small  lath  box  just  described  is  intended  for  small  furrows. 
The  discharge  of  a  tube  can  be  controlled  by  a  gate  in  such  a  manner 
as  to  suit  any  furrow. 

The  appliances  recommended  are  all  cheap.  Farmers'  boys  can 
make  them  during  the  winter  months.  There  is  usually  enough  lum- 
ber lying  around  the  farm  buildings  to  provide  boxes  for  a  10-acre 
tract.  This  suggests  that  western  boys  who  live  on  irrigated  farms 
should  pi'actice  carpentry  in  learning  to  make  some  of  these  boxes, 
and  next  spring,  when  the  vegetable  garden  needs  water,  tr}^  the  new 
way.  Figure  13  shows  the  construction  of  such  boxes.  They  are  made 
of  i  by  2  inch  lumber,  dressed  on  both  sides  and  edges.     The  top  piece 

is  cut  back  three-fourths  of 
an  inch  and  a  metal  slide  op- 
erated in  saw  kerfs  is  shown. 
When  this  box  is  placed  with 
its  center  5  inches  below  the 
surface  the  discharge  will  be 
2  miner's  inches. 


THE   UHE    OF    FLUMES    AND    PIPES    IN 
FURROW    IRRIGATION. 


Fig.  13.— Tube  lor  lateral  bank. 


In  irrigating  the  more  valu- 
able varieties  of  fruit  trees, 
such  as  oranges,  by  the  fur- 
row method,  it  is  customary 
to  carry  the  water  to  the  upper  ends  of  the  furrows  in  flumes  or  pipes. 
Flumes  for  this  pui-pose  were  foraierly  made  of  wood,  but  the  shoil 
life  of  lumber  in  contact  with  the  soil  has  led  many  orchardists  to  sub- 
stitute more  durable  material.  The  cement  flume  made  without  joints 
is  now  the  most  popular.  When  pipes  are  laid  to  convey  water  to  the 
head  of  each  furrow  they  may  be  made  of  iron,  j^teel,  cement,  mortar, 
clay,  canvas,  or  paper.  These  half  dozen  kinds  of  pipes  are  in  use  at 
the  present  time  in  California. 

Wooden  jlimies, — A  common  form  of  wooden  flume  is  made,  in  the 
manner  shown  in  figure  14,  of  redwood  boards,  which  are  held  in  place 
b}"  yokes  about  4  feet  apart.  Water  flows  to  the  furrows  through 
auger  holes  in  the  side  midway  between  the  yokes,  and  is  controlled 
by  small  zinc  slides. 
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When  V-shaped  flumes  are  preferred  they  are  usually  built  as  shown 
in  figure  15.     The  slides  are  fastened  near  the  bottom  of  one  slope. 
Head  flurne  of  ce-   ^^_______^____ 


Tnent  mortar, — ^This 
flume  is  made  in 
place  in  one  contin- 
uous line  across  the 
head  of  the  orchard 
by  a  specially  de- 
signed machine. 
The  ingredients  of 
the  cement  mortar 
are  one  part  by  vol- 
ume of  imported 
Portland  cement 
and  five  parts  by 
volume  of  clean, 
coarse  sand.  The 
sand  and  cement  are 
mixed  into  a  mortar 
and  fed  into  the  ma- 
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Fio.  11.— Board  flume  for  uae  in  lurruw  irrigatton. 


chine,  which  forms  the  bottom  and  sides  of  the  flume  and  compresses 

the  mortar  in  one  operation. 

Flumes  of  this  kind  are  made  in  five  sizes,  designated  by  the  number 

of  inches  across  the 
inside  of  the  bottom. 
An  8-inch  cement 
flume  is  shown  in 
cross  section  in  fig- 
ure 1 6.  The  remain- 
ing sizes  are  similar 
in  form  but  have 
varying  dimensions. 
The  sizes,  cross  sections,  volumes  of  mortar,  and  prices**  are  given 

in  the  following  table: 

I*ric£9  of  cement  head  flumes. 


Fia;  15.— V-8hapcd  flume  for  uae  in  (urrow  irrigation. 


Size. 


Inches. 


10 
12 
14 


CroRs  «ec- 
tion. 


Sq.  inches. 
36 
56 
80 
96 
126 


Volume  of 

mortar 
per  linear 

Price. 

foot. 

Cubic/ect. 

0.35 

10.16 

.40 

.18 

.50 

.20 

.72 

.22 

.82 

.25 

"The  prices  were  obtaine<l  from  J.  H.  Martin,  Riverside,  Cal.,  December,  1903. 
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Fig.  16.— Cross  section  of  8-inch  cement  flume. 


After  a  flume  is  made  and  before  the  mortar  becomes  hard,  small 
tubes  from  f  to  li  inches  in  diameter,  the  size  depending  somewhat 
on  the  size  of  the  flume,  are  inserted  in  the  side  next  to  the  orchard. 
These  tubes  may  be  of  tin  or  galvanized  iron,  and  each  has  a  small 
slide  gate  in  the  form  shown  in  figure  16.  There  should  be  as  many 
'tubes  between  the  rows  of  trees  as  there  are  furrows. 

On  medium  or  steep  slopes  the  water  in  the  flume  flows  at  a  high 
rate  of  speed,  which  lowers  the  head  over  each  opening  and  lessens 

the  discharge  to  the  furrow. 
This  difficulty  is  readily  over- 
come by  inserting  one  or  more 
short  pieces  of  laths  in  grooves 
made  by  a  trowel  when  the  mor- 
tar is  soft.  These  low  checks  are 
put  in  on  an  angle,  so  as  to  crowd 
the  water  toward  the  opening  in 
the  tube. 

Head  jlmnes  of  cement  con- 
crete,— These  flumes  are  made  of 
materials  which  closely  resemble  the  ordinary  concrete  of  engineering 
structures.  One  part  of  the  best  Portland  cement  to  six  parts  of  sand 
and  gravel  is  the  usual  mixture.  It  is  laid  in  place  across  the  head  of 
the  tract  to  be  watered,  in  sections  of  about  12  feet.  Special  molds  are 
designed  to  hold  the  concrete  in  place  until  it  partially  sets,  when  the 
molds  are  removed.  A  flume  of  this  kind^  is  shown  in  figure  17.  By 
comparing  the  dimensions 
of  this  10-inch  flume  with  a 
similar  size  of  the  kind  pre- 
viously described  it  will  be 
seen  that  the  latter  contains 
more  material  of  decidedly 
greater  strength.  These 
advantages  are  offset  by 
greater  cost. 

For  distributing  the  water 
from  the  flume  to  a  large 
number  of  furrows  devices 
somewhat  similar  to  those 
already  described  under  the  head  of  cement-mortar  flumes  are  used. 

Cenumt  pipen. — Both  cement  and  salt-glazed  vitrified  pipes  are  occn- 
sionally  used  in  place  of  earthen  head  ditches.  These  pipes  are  too 
common  to  need  any  detailed  description.  They  are  placed  deep 
enough  not  to  interfere  with  plowing,  but  seldom  more  than  2  feet 

a  As  made  by  S.  J.  Whitt»,  of  Redlaiids,  Cal. 
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Fig.  17.— Cross  section  of  10-iuch  concrete  flume. 
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beneath  the  surface,  and  various  contrivances  have  been  designed, 
some  of  which  are  controlled  by  patents,  to  distribute  the  water  to  a 
large  number  of  furrows  in  nearly  equal  and  constant  streams. 

A  practice  lately  introduced  in  citrus  orchards  is  to  distribute  the 
water  from  the  cement  pipes  by  means  of  short  standpipes  of  the  same 
material  which  terminate  in  semicircular  basins  of  cement  mortar. 
Each  basin  has  about  six  holes  in  the  curved  portion,  through  which 
water  is  fed  to  the  furrows.  The  water  may  be  turned  on  or  off  by 
operating  a  small  rubber-faced  valve,  which  is  fitted  over  the  top  of 
the  standpipe  and  is  flush  with  the  bottom  of  the  basin. 

The  present  (March  1,  1904)  prices  of  cement  pipe  of  different  sizes 
at  Los  Angeles,  Cal.,  are  as  given  in  the  following  table: 


Prices  of  cement  pipe  at  1a)s  Angeles^  Cal. 


Inside 
diameter 
of  pipe. 

Price 
per  foot. 

Thickness. 

Weleht 
per  foot. 

Pounds. 

Inches. 

Incites. 

4 

SO.  05 

13 

5 

.065 

16 

6 

.08 

\t 

20 

7 

.10 

25 

8 

.125 

81 

10 

.17 

44 

12 

.21 

67 

14 

.25 

68 

The  above  prices  are  for  cement  pipe  composed  of  one  part  Portland 
cement  to  three  parts  sand.  Other  makers  use  one  to  four  and  increase 
the  thickness  of  the  walls.  Last  January  (1904)  a  Riverside  firm  was 
selling  pipe  of  the  latter  composition  at  the  following  prices: 

Prices  of  renienl  pipe  at  Riverside^  Cal. 


Diameter 
of  pipe. 

Price  per 
joint. 

Price  per 
foot. 

Inches. 
6 
8 

10 
12 
14 

W.12 
.16 
.26 
.31 
.40 

to.  06 
.08 
.13 
.155 
.20 

MAKING    FURROWS. 


The  furrows  for  crops  like  potatoes,  which  are  planted  in  straight 
rows,  arc  made  with  an  ordinary  walking  plow  with  a  cultivator  hav- 
ing a  large  shovel  attached,  or  with  a  lister. 

Sometimes  it  is  very  desirable  to  irrigate  grain,  clover,  or  alfalfa 
from  furrows,  on  account  of  the  liability  of  the  soil  to  bake  when 
flooded.  In  making  furrows  for  such  crops  homemade  implements  are 
most  commonly  empkn^od.     These  usually  make  small  furrows  from 
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2  to  4  inches  in  depth  and  from  1.5  to  4  feet  apart  down  the  steepest 
slope  from  the  head  ditch.  The  homemade  furrower  shown  in  figure 
18  is  well  suited  for  this  purpose. 

When  the  soil  will  not  be  injured  by  rolling,  projections  in  the  form 
of  an  inverted  V  are  sometimes  fastened  around  the  circumference  of 
the  roller  and  each  of  these  makes  a  well-defined  and  smooth  furrow. 

Some  years  ago  small,  shallow  furrows  made  by  cultivator  teeth  were 
about  the  only  kind  to  be  seen  in  orchards.  Now  a  small  number  of 
large,  deep  furrows  are  frequently  used  instead.  Plate  III,  figure  2, 
shows  an  implement  for  making  such  furrows  in  use  on  J.  H.  Williams's 
large  orange  orc^hard,  near  Porterville,  Cal.  He  took  a  cultivator  and 
removed  all  the  shovels.  Two  double  mold  shovels  were  attached  to 
an  arm  which  is  fastened  by  the  clamps  of  the  cultivator.  The  right- 
hand  plow  extends  out 
to  the  side  so  that  the 
distance  between  the 
centers  of  the  two 
plows  is  4. 5  feet.  This 
enables  the  driver  to 
make  a  furrow  be- 
neath the  outer 
branches  of  one  row 
of  trees  in  going  one 
way  and  of  the  adja- 
cent row  in  return- 
ing. With  trees  20 
feet  apart  four  fur- 
rows are  made,  and 
these  can  be  arranged 
in  the  best  way  by 
adjusting  the  arms  of 
the  plows.  The  lever  arm  of  the  cultivator  controls  the  depth  and 
size  of  the  furrows. 

Shallow  vermis  deepfurrmm. — ^Ten  or  fifteen  years  ago  the  prevail- 
ing custom  among  fruit  growers  was  to  make  a  considerable  number 
of  shallow  furrows  between  the  rows  of  trees.  While  this  practice  is 
still  followed  by  many,  the  general  trend  of  the  best  practice  is  toward 
a  smaller  number  of  deeper  furrows.  A  desire  to  economize  water  by 
lessening  the  amount  evaporated  was  doubtless  the  principal  reason 
for  a  change  of  usage.  Besides,  running  water  in  deep  furrows  tends 
to  break  up  hard  subsoil  and  to  promote  deep  rooting. 

Owing  to  the  scarcity  and  value  of  water  in  southern  California,  the 
orchardists  have  been  forced  to  make  a  close  study  of  the  effects  pro- 
duced by  different  methods.  This  Office  began  a  series  of  experiments 
in  June,  1903,  at  Pomona,  Cal.,  to  determine  the  actual  difference  in 
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loss  of  water  by  evaporation  between  the  shallow  and  deep  farrows. 
The  experiment  has  not  been  continued  sufficiently  long  to  warrant 
any  conclusive  statements.  The  results,  however,  show  a  marked 
gain  in  favor  of  deep  furrows.  From  June  20  to  October  24,  1903, 
the  average  amounts  evaporated  from  equal  areas  of  the  same  kind  of 
irrigated  soil  for  the  different  modes  of  applying  water  were  as  follows: 

Acre-feet. 

Irrigation  by  flooding : 0.62 

Irrigation  by  furrows  3  inches  deep 55 

Irrigation  by  furrows  12  inches  deep 41 

^  Lengthy  grdde^  and  number  of  furrows, — One  of  the  common  mis- 
takes in  furrow  irrigation  is  to  try  to  run  water  from  end  to  end  of  a 
long  field.  A  uniform  distribution  can  not  be  made  from  long  fur- 
rows. Their  length  should  rarely  exceed  660  feet  (40  rods),  which 
measures  the  side  of  a  10-acre  tract.  A  tract  from  40  to  80  rods  long 
in  the  direction  of  the  furrows  should  have  two  head  ditches,  and  longer 
fields  a  larger  number. 

The  fall  or  grade  of  furrows  may  vary  between  about  4.4  feet  per 
mile  and  88  feet  per  mile,  or  from  1  to  20  inches  in  100  feet.  On 
ordinary  soils  a  fall  of  from  3  to  4  inches  to  100  feet  is  to  be  preferred. 
When  the  slope  of  a  field  is  too  great  that  of  the  furrows  may  be 
reduced  by  changing  their  direction. 

The  number  of  furrows  in  orchards  depends  on  the  age  of  the  tree, 
the  space  between  the  rows,  and  the  depth  of  the  furrows.  Nursery 
stock  is  irrigated  by  one  or  two  furrows  and  j- oung  trees'  by  from  two 
to  four.  Only  one  very  deep  furrow  made  by  a  subsoiler  may  be  run 
between  the  rows,  while  four  is  a  common  number  for  those  of  medium 
size.  Shallow  furrows  in  orchards  are  spaced  from  2  to  3  feet  apart. 
For  grain  and  forage  crops  the  spacing  will  depend  chiefly  on  the  ease 
and  rapidity  with  which  water  spreads  sideways  in  the  soil. 

Furrow  irrigation  has  several  advantages  over  other  methods.  It 
requires  less  water  than  any  form  of  flooding,  because  the  water  sur- 
face exposed  to  evaporation  is  confined  to  a  small  fraction  of  the  total 
land  surface,  seldom  more  than  5  per  cent.  Again,  the  water  is  applied 
from  3  to  12  inches  below  the  surface  and  is  distributed  through  the 
soil  by  capillarity  rather  than  by  gravity,  and  plants  seem  to  thrive 
best  when  they  receive  moisture  in  this  way.  When  water  is  applied 
in  the  bottom  of  V-shaped  furrows  the  surface  soil  is  not  saturated, 
and  baking  is  prevented.  By  the  furrow  method  the  surface  soil  is 
kept  tolerably  dry,  excessive  evaporation  is  avoided,  there  is  little  dis- 
placement of  surface  soil,  and  a  tendency  toward  deep  rooting  in  the 
plant  is  promoted.     Finally,  it  is  cheap  and  convenient. 

In  seeking  to  improve  on  present  methods  of  applying  water  by 
furrow  irrigation  one  is  tempted  to  recommend  the  best  appliances 
regardless  of  the  cost,  but  such  recommendations  would  be  followed 
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only  in  rare  cases.  Local  conditions  have  always  to  be  considered.  If 
one  assumes  that  pipes  are  the  best  means  of  distributing  water,  he  is 
at  once  met  with  the  objection  that  the  large  majority  of  irrigators 
could  not  afford  to  lay  pipes  for  that  object.  It  is  questionable  also 
if  cement-concrete  flumes  could  be  used  in  the  colder  portions  of  the 
West  on  account  of  the  severity  of  the  frosts  and  the  tendency  of  the 
ground  to  heave  when  frozen.  There  is  also  the  same  objection  that 
applies  to  pipes,  viz,  the  first  cost.  Even  wooden  flumes  are  consid- 
ered by  the  majority  of  water  users  to  be  too  expensive  for  the  mere 
purpose  of  dividing  an  irrigation  stream  equally  among  a  number  of 
furrows. 

THE   BASIN  METHOD   OF  IRRIGATION   AS  PRACTICED  IN   THE   SANTA 
CLARA  VALLEY,    CALIFORNIA. 

Owing  to  the  light  rainfall  since  the  dry  j^ear  of  1898,  most  of  the 
Santa  Clara  Valley  orchards  are  now  iiTigated.  The  water  supply 
comes  chiefly  from  wells  by  the  use  of  pumps,  but  the  various  creeks 
also  furnish  the  gravity  canals  with  considerable  volumes  during  the 
rainy  months  from  January  to  April.  About  four-fifths  of  all  the 
irrigated  orchards  are  watered  by  means  of  small  basins.  The  basin 
method  may  therefore  be  regarded  as  not  only  the  most  prevalent,  but 
as  having  attained  in  the  Santa  Clara  Valley  its  greatest  perfection. 
The  same  system  is  extensively  practiced  in  the  walnut  orchards  of 
Orange  County,  in  California;  but  since  the  implements  used  and  the 
manner  of  making  basins  and  applying  water  are  much  the  same  in 
both  sections,  as  well  as  elsewhere,  the  descriptions  which  follow  under 
this  heading  will  be  confined  to  Santa  Clara  Valley.  For  much  of 
the  information  contained  in  these  descriptions  the  writer  is  indebted 
to  Mr.  F.  H.  Tibbetts,  a  student  in  irrigation  at  the  Univ'ersity  of 
California. 

The  trees  of  orchards  are  about  20  feet  apart,  set  in  squares  or  in 
diamonds,  108  trees  to  the  acre.  In  some  of  the  younger  orchards, 
particularly  cherry  orchards,  the  trees  are  spaced  farther  apart.  The 
most  common  practice  is  to  form  a  square  basin  around  each  tree  by 
throwing  up  ridges  midway  between  the  rows  of  trees  in  both  direc- 
tions. These  ridges  are  made  with  ordinary  walking  plows,  to  which 
extension  moldboards  are  sometimes  attached.  Usually  two  furrows 
are  thrown  together,  the  second  furrow  reenf orcing  the  first  and  mak- 
ing it  higher. 

On  light  sandy  loams  and  all  ordinary  soils  that  are  not  too  wet  or 
lumpy  an  implement  known  as  the  '*  ridger  "  is  commonly  used  to  form 
the  ridges  (fig.  19).  The  narrow,  deep  runners  are  made  of  2-inch 
planks  and  are  from  14  to  18  inches  high  and  from  5  to  8  feet  in  length. 
They  are  from  4  to  5  feet  apart  at  the  front  end  and  from  15  to  24  inches 
apart  at  the  rear  end.     The  runners  should  be  shod  with  steel  on  the 
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bottom  and  on  the  inner  side  part  way  up,  to  prevent  wear  and  lessen 
the  draft.  The  runners  are  held  in  position  by  crosspieces  on  top  and 
straps  of  steel.  A  steel  ridger,  which  is  claimed  to  be  superior  to  the 
ordinary  wooden  ridger,  is  shown  in  figure  20. 

On  light  sandy  soils  which  are  free  from  weeds  good  ridges  can  be 
formed  with  the 
ridger  alone.  One 
man  with  3  horses 
can  ridge  20  acres 
in  ten  hours.  On 
compact  soils  and 
those  covered  more 
or  less  with  weeds  a 
strip  must  first  be 
plowed  and  har- 
rowed. Disk  har- 
rows and  disk  plows 
combine  both  opera- 
tions and  are  much 

used    for    this    pur-  Fio.  19.-Adjurtable  ridger. 

pose.     The  loose  earth  is  afterwards  thrown  up  by  a  ridger. 

The  combination  rotary  disk,  a  recent  design,  is  highly  praised  by 
those  who  have  used  it  for  making  checks  or  ridges.  It  consists  of 
four  ordinaiy  disks,  arranged  in  the  form  of  a  V  to  throw  the  earth 

towaixl  a  common 
ridge  in  the  center. 
It  requires  from  four 
to  six  horees  to  oper- 
ate it  successfully, 
but  time  is  saved  over 
the  common  ridger  in 
not  having  to  pass 
along  the  same  ridge 
more  than  once. 

When  an  orchard 
is  cross  checked  or 
ridged  by  first  mak- 
ing ridges  at  right 
angles  to  thedirection 
in  which  the  water 
Fio.  2o.-steei  ridger.  y^iU  flow  and  after- 

Wards  in  the  direction  of  flow,  openings  are  left  at  all  points  where 
ridges  cross.  Elach  basin  is  thus  open  at  each  of  its  four  corners. 
The  most  laborious  way  to  fill  these  gaps  is  by  the  use  of  tbe  shovel. 

30439— No.  146—04 i 

Digitized  by  VjOOQIC 


48 

The  common  scraper,  drawn  by  one  horse,  is  also  used  for  this  purpose. 
The  horse  walks  along  the  side  of  the  continuous  ridge  and  as  each 
cross  ridge  is  reached  sufficient  earth  to  fill  the  gap  is  dumped. 

A  rotary  scraper  recently  invented  to  fill  basin  gaps  was  extensively 
used  in  the  Santa  Clara  Valley  last  summer.  It  differs  from  the  ordi- 
nary scraper  in  that  the  scoop  is  free  to  revolve  about  two  fixed  points 
in  the  frame  instead  of  being  attached  rigidly  to  the  handles  (PI.  IV, 
fig.  1).  It  is  filled  in  the  usual  way,  and  when  the  gap  is  reached  the 
operator  releases  the  catch  at  the  handle,  which  dumps  the  scraper, 
after  which  it  is  again  snapped  back  into  position  to  be  filled. 

There  is  no  fixed  rule  as  regards  the  height  of  ridges.  The  lowest 
are  usually  8  inches  high,  with  sufficient  base  and  top  width  to  retain 
water  in  the  basin  to  a  height  of  4  inches.  Some  orchardists  apply  as 
much  as  9  inches  in  depth  over  each  basin  at  one  time,  and  in  such 
cases  the  ridges  need  to  be  at  least  12  inches  high.  On  nearly  level 
ground  2, 4, 16,  or  even  a  much  larger  number  of  trees  may  be  included 
in  one  basin.     This  practice  requires  higher  and  stronger  ridges. 


FLOODING   BA8IXH. 


As  a  rule  permanent  supply  ditches  extend  across  the  upper  end  of 
the  tract  to  be  irrigated.  Flumes  made  of  wood  and  cement  concrete 
are  also  being  introduced  with  beneficial  results  to  take  the  place  of 
earthen  ditches.  In  some  orchards  these  supply  ditches  are  tempo- 
rary, like  the  ridges, 
^^:^r^.^-^f^:^::.^::.l.:.^^::k;^^  and    are  made    by 

plowing  out  a  dead 
furrow  as  deep  as 
possible  and  then 
scraning  it  out  with 
a  V  scraper.  If  a 
larger  ditch  is  re- 
quired, it  is  plowed 
and  scraped  out  a 
second  time. 

Perhaps  one  of  the 
best  methods  of  con- 
veying water  from 
the  supply  ditch  to 
the  basins  is  to  make 
double  ridges  in  the 
alternate  spaces  between  the  rows  of  trees  in  the  direction  of  the 
greatest  slope,  as  indicated  in  figure  21.  The  water  in  the  supply  ditch 
is  checked  and  diverted  down  one  or  more  of  these  small  ditc^hes. 
When  the  flow  reaches  tlie  lowest  tier  of  basins,  an  opening  is  made 
in  each  ridge  and  the  water  floods  the  two  adjacent  basins.     When 
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Fig.  21.— Irrigating  orchard  by  basin  method. 
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Plate  IV. 


FiQ.  1.— Rotary  Scraplr. 


FiQ.  2.— Distributing  Water  with  Canvas  Hose. 
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these  have  received  sufficient  water,  other  openings  are  made  opposite 
the  next  higher  pair  of  basins  and  the  flow  is  checked,  so  that  it  will  be 
diverted  into  them.  This  operation  is  continued  until  all  the  basins 
on  both  sides  of  the  ditch  are  flooded.  The  most  convenient  means  of 
checking  the  flow  in  both  kinds  of  ditches  is  by  canvas  dams  (p.  64). 

Another  way  of  applying  water  to  basins  is  indicated  in  figure  22. 
The  water  from  the  supply  ditch  passes  through  the  basins  from  top 
to  bottom  in  a  zigzag  course  due  to  the  position  of  the  gaps  in  the 
ridges.  Only  half  of  the  gaps  need  to  be  filled  before  water  is 
admitted,  but  those  remaining  are  usually  filled  immediately  after  each 
basin  is  flooded.  This  method  is  objected  to  for  the  reason  that  the 
basins  nearest  the  supply  ditch  receive  the  most  water. 

Still  another  method  used  under  gi*avity  canals  where  water  is  more 
abundant  is  to  make  the  basin  complete,  then  turn  the  water  into  the 
upper  basin,  and  allow  it  to  flow  over  the  dividing  ridge  into  the  next 
basin,  and  so  on  un- 
til the  row  is  under  ^ifMiiSir'fifl^M'i 
water.  The  irriga- 
tor then  begins  at 
the  lower  end  and 
repairs  the  breaks, 
leaving  each  basin 
full  of  water.  In  a 
few  hours  the  soil 
absorbs  the  whole 
amount. 

All  of  the  basins, 
ridges,  checks,  etc., 
just  described  are 
temporary.  After 
heavj^  rains  and  after  each  irrigation  the  orchards  are  thoroughly  cul- 
tivated and  harrowed,  and  the  ridges  are  worked  down  to  the  general 
level  to  be  rebuilt  for  the  next  irrigation. 

Some  of  the  orchardists  consider  it  detrimental  to  have  the  water 
come  in  contact  with  the  stems  of  the  trees.  To  prevent  this,  those 
who  are  of  this  opinion  form  two  ridges  between  the  rows  of  trees. 
This  forms  small  basins,  in  the  centers  of  which  the  trees  stand,  the 
water  being  applied  to  the  outer  basins.  This  prevents  water  from 
coming  in  direct  contact  with  the  tree  and  leaves  the  soil  around  it  in 
good  tilth.  Nearly  the  same  benefits  may  be  obtained  by  the  conunon 
basin  if  care  is  used  in  grading  the  soil  within  each  basin  so  that  the 
circular  portion  around  each  tree  will  not  be  submerged.  The  sketch 
shown  in  figure  23  may  convey  a  better  idea  of  this  custom. 

According  to  the  report  submitted  by  Mr.  Tibbetts,  the  cost  of  pre- 
paring the  surface  is  small  in  comparison  with  the  cost  of  the  water  and 
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Fio.  22.— Irri^ting  orchard  by  basiii  method. 
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the  expense  involved  in  applying  it.     The  water,  which  is  conveyed  and 
delivered  by  the  canals,  is  never  measured  to  the  consumer.     The  canal 

companies  charge 
each  taker  from  $15 
to  $20  per  day  for 
a  '^head"  of  water, 
which    varies   ac- 

FiG.  28.— Method  of  grading  interior  of  basins  to  prevent  water  coming    cordiuff     tO     COndi- 
In  direct  contact  with  tnink  of  trees.  , .  f  ^    .      «, , 

tions  from  2  to  3i 
cubic  feet  per  second,  or  from  80  to  133  miner's  inches  under  a  6-inch 
pressure. 

The  average  annual  cost  of  water  on  130  orchards  was  $2.50  per  acre. 

The  cost  of  preparing  the  surface  in  one  of  the  ways  previously 
described  was  found  to  be,  on  an  average,  68  cents  per  acre. 

Two  men  are  generally  required  to  attend  to  the  water.  They  work 
twelve  hours  each  day  and  receive  in  wages  from  $2  to  $3.  About  20 
per  cent  higher  wages  are  paid  for  night  shifts.  The  average  cost  of 
applying  water  on  130  orchards  was  $1.88  per  acre. 

The  items  in  the  following  brief  summary  give  the  cost  per  acre  for 
orchard  irrigation  under  the  gravity  canals  of  the  Santa  Clara  Valley: 

Per  acre. 

Average  cost  of  water $2. 50 

Average  cost  of  preparing  the  surface 68 

Average  cost  of  irrigating 1. 88 

Total  average  cost 5.06 

USE    OF    METAL    PIPE    AND    CANVAS     HOSE     IN     IKRIGATION     OF    FIELD 

CROPS   IN    CALIFORNIA. 

There  is  no  section  in  the  arid  West  where  so  much  skill  is  shown 
in  irrigating  field  and  orchard  crops  as  in  southern  California.  In 
this  section  water  is  made  to  do  the  highest  duty  possible  and  all  irri- 
gation practice  tends  toward  the  greatest  economy  in  its  conveyance 
and  use. 

The  water  supply  of  the  San  Bernardino  and  adjacent  valleys  is 
derived,  to  a  large  extent,  from  natural  streams  which  during  the 
rainy  months  are  subject  to  heavy  flow,  but  which  during  the  dry  sea- 
sor  discharge  in  many  cases  no  water  whatever  and  leave  the  irrigated 
lands  dependent  upon  such  water  as  may  be  stored  or  upon  the  supply 
derived  from  artesian  sources.  In  the  great  majority  of  cases  it  has 
been  found  profitable  to  construct  impervious  channels,  either  by  lin- 
ing the  canals  with  cement  or  by  the  use  of  underground  pipes,  and  so 
reduce  all  losses  to  a  minimum.  The  water  is  drawn  from  the  under- 
ground distributary  pipe  through  cement  standpipes  or  "stands,"  and 
as  a  rule  is  conveyed  to  the  fields  in  rough  furrows  and  the  crop  irri- 
gated by  the  flooding,  furrow,  basin,  or  check  method.     The  water  is 
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turned  into  the  basin,  furrow,  or  lateral,  from  which  it  seeps  rapidly 
away.  In  the  ease  of  the  orchard  this  is  just  what  is  wanted,  provided 
the  water  reaches  the  root  zone  of  the  tree.  In  the  irrigation  of  field 
crops,  however,  it  is  very  diflferent.  Field  laterals,  both  permanent 
and  temporary,  from  the  nature  of  their  construction  and  use,  are 
poor  water  carriers  and  great  amounts  seep  out,  from  which  but  a 
small  area  is  benefited.  This  area,  as  a  rule,  lies  along  the  ditch  bank 
and  is  allowed  to  go  to  weeds. 

In  addition  to  losing  water  the  channels  of  such  laterals  together 
with  their  banks  and  dumps  of  excavated  material  decrease  by  no 
small  amount  the  crop-producing  area,  to  say  nothing  of  obstructing 
the  free  use  of 
farming  machin- 
ery. The  losses  by 
seepage  and  leak- 
age can  be  prevent- 
ed only  by  the  use 
of  lined  channels, 
and  these  channels 
to  permit  the  full- 
est use  and  free 
cultivation  of  the 
land  must  be  re- 
movable. To  meet 
these  conditions 
and  to  bring  about 
a  more  economical 
use  of  both  land 
and  water,  the  use 
of  metal  pipe  and 
canvas  hose  in  the 
irrigation  of  field 
crops,  has  been 
quite  widely  adopt- 
ed in  the  region  re- 
ferred to. 

Fields  of  alfalfa  irrigated  with  pipe  and  hose  are  usually  laid  out  in 
such  manner  that  from  5  to  10  acres  may  be  served  from  each  stand, 
depending,  of  course,  upon  the  size  and  shape  of  the  tract.  These 
cement  stands  consist  of  two  or  three  sections  of  8  or  10  inch  cement 
pipe  placed  in  a  vertical  position  and  connected  with  the  underground 
distributary  pipe  by  a  T  joint  (fig.  24).  They  are  placed  at  intervals 
along  the  highest  side  of  a  field  and  serve  as  outlets  from  which  the 
piped  water  is  taken  into  the  metal  and  canvas  pipes. 

Various  combinations  of  galvanized  iron  pipe  and  canvas  hose  are 
used.     Some  irrigators  prefer  to  use  all  canvas  hose  with  only  a  short 
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Fig.  24.— Details  of  construction  of  8-inch  cement  stand.    Method  of 
closing  discharge  is  described  on  page  55. 
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length  of  metal  pipe  (PI.  IV,  fig.  2).  Others  use  nearly  all  metal 
pipe  and  only  a  short  piece  of  canvas  hose  to  join  the  metal  pipe 
to  the  stands.  Often  even  this  small  amount  of  canvas  hose  is  dis- 
pensed with.  Still  others  have  adopted  the  metal  pipe  to  convey  the 
water  from  the  stand  to  the  section  of  the  field  to  be  irrigated  and 
use  the  hose  simpl}^  to  distribute  it.  The  best  results  seem  to  be 
obtained  through  the  use  of  this  last-mentioned  combination.  Figure 
25  shows  part  of  a  field  of  alfalfa  irrigated  in  this  manner,  which  will 
illustrate  the  common  method  of  handling  the  conduits  when  in  use. 


trtr 


Fig.  25.— Irrigating  field  strips. 


The  sketch  is  taken  from  a  40-acre  field  in  the  vicinit}"  of  Chino. 
The  water  from  a  pumping  plant  located  on  the  northeast  corner  of 
the  tract  is  delivered  into  a  large  cement  standpipe  3  feet  in  diameter 
and  about  7  feet  in  height  above  the  ground  level.  This  standpipe 
regulates  the  flow  of  water  to  the  distributary  and  provides  sufficient 
head  to  force  the  water  through  the  entire  system  of  pipes.  The  main 
underground  distributary  is  a  cement  pipe  10  inches  in  internal  diam- 
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Plate  V. 


FiQ.  1.— Common  Method  of  Connecting  Metal  Pipe  with  Cement  Stand. 


Fig.  2.— Distributing  Water  from  Sections  of  Metal  Pipe  Attached  to  Main 
Pipe  by  Canvas  Elbows. 
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eter  and  is  laid  across  the  upper  side  of  the  field,  as  shown.  The 
cement  stands  are  placed  10  rods  apart,  each  thus  serving  a  strip  of 
land  containing  about  5  acres. 

The  metal  pipes  are  first  strung  down  the  first  strip,  end  to  end. 
Beginning,  then,  at  the  stand,  the  first  length  of  pipe  is  either  joined 
directly  to  the  stand  by  a  right-angled  elbow,  as  shown  in  Plate  V,  fig- 
ure 1,  or  the  connection  may  be  made  by  a  short  piece  of  canvas  hose 
from  0  to  10  feet  in  length.  Many  prefer  this  latter  method,  as  it  gives 
greater  freedom  of  movement  to  the  first  two  or  three  sections  of  pipe 
and  also  protects  the  cement  stand  from  disturbance  by  careless  han- 
dling. When  the  sections  of  pipe  are  jointed  and  extend  nearly  to 
the  lower  end  of  the  field,  the  water  is  turned  in  and  the  irrigation  of 
the  first  strip  begun.  Many  irrigators  distribute  the  stream  from  the 
metal  pipe  directly.  Others  distribute  by  means  of  one  or  two  lengths 
of  metal  pipe  which  are  attached  to  the  main  pipe  either  by  a  short 
piece  of  hose  or  by  a  metal  elbow  (PI.  V,  fig.  2),  while  still  others  use 
one,  two,  or  three  50-foot  lengths  of  canvas  hose  at  the  end  of  the  metal 
pipe,  with  which  the  stream  can  be  conveyed  to  every  part  of  the  strip 
within  the  radius  of  the  hose.  It  is  common  practice  after  having  suflS- 
ciently  irrigatedthe  lower  6  or  6  rods  of  the  strip  to  disconnect  seveml 
lengths  of  the  metal  pipe,  reattach  the  distributing  hose,  and  proceed 
with  the  irrigation  of  a  second  and  higher  portion  of  the  strip.  While 
the  water  is  running  there  the  disconnected  pipes  are  placed  in  the 
adjoining  strip  in  much  the  same  manner  as  that  in  which  they  were 
originally  strung  out  in  the  first  strip,  beginning,  however,  at  the 
lower  end  of  the  strip  and  proceeding  upward  in  reverse  order.  When 
the  second  portion  of  the  first  strip  is  watered,  more  metal  pipe  is  dis- 
connected and  placed  in  the  adjoining  strip,  the  hose  is  moved  up  to 
the  third  portion  of  the  strip,  and  the  stream  handled  in  the  same  man- 
ner as  in  the  two  lower  portions  just  irrigated.  This  method  of  pro- 
cedure is  continued  until  all  of  the  first  strip  has  been  watered.  Then 
the  metal  pipe  is  jointed  up  and  the  connection  made  with  the  second 
stiind  and  the  irrigation  of  the  second  strip  accomplished  by  repeating 
the  oj^ ration  as  in  the  first  strip. 

This  method  is  used  to  the  best  advantage  on  land  having  a  fairly 
even  slope.  Where  the  land  is  uneven  and  broken  the  metal  pipes 
give  better  results  if  laid  along  the  ridges  and  the  water  distributed 
on  either  side  by  canvas  sections.  This  S3\stem  might  be  employed  on 
very  rough  ground  with  but  little  preparation  of  the  surface  and  with 
but  little  modification  of  the  method  just  described.  The  only  requi- 
site is  that  a  head  be  maintained  on  the  pipes  sufficient  to  carry  the 
stream  to  the  top  of  the  highest  knolls  without  much  diminution  of 
its  flow.  The  use  of  pipes  is  not  confined  to  tracts  where  flooding  is 
the  method  of  irrigation  employed,  but  the}'  are  also  used  to  some 
extent  with  basin  and  contour  check  irrigation.    The  pipes  convey  the 
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water  to  the  various  checks  without  the  losses  which  would  occur  if 
the  common  method  of  filling  one  check  through  a  series  of  others 
was  employed. 

CONSTRUCTION   OP  PIPE,  HOSE,  AND  8TANDB. 

The  thin  iron  pipe  commonly  used  varies  from  7  to  9  inches  in  diam- 
eter and  is  made  in  sections  of  varying  lengths.  The  most  common 
length  is  12  feet,  formed  of  four  36-inch  sections.  AH  joints  and  seams 
are  riveted  and  soldered,  and  the  end  of  each  section  is  crimped  to  give 
it  rigidity.  Some  16-foot  sections  are  used,  but  these  arc  rather  long; 
and  although  there  are  fewer  joints  where  leakage  may  occur,  their 
length  makes  them  bulky  and  awkward  to  handle.  The  roughness  of 
the  land  on  which  the  pipes  are  used  governs  to  some  extent  the  best 
length  of  section.  On  some  rough  land  10-foot  sections  are  used  with 
the  best  success,  while  on  smooth  land  some  prefer  15-foot  sections. 

Various  weights  of  galvanized  iron  may  be  used,  ranging  from  No. 
20  to  No.  26  B.  W.  G.  No.  26  iron  is  too  light  for  most  work;  it 
makes  a  fragile  pipe  which  is  easily  damaged,  especially  at  the  ends. 
The  most  serviceable  pipe,  where  price  and  durability  are  considered, 
seems  to  be  that  made  from  No.  22  or  No.  24  iron.  No.  20  is  heavy 
for  all  ordinar}'  purposes,  but  makes  a  very  strong  and  lasting  pipe. 
No.  22  iron  is  the  grade  most  commonly  used.  It  makes  a  good,  serv- 
iceable pipe  that  is  light,  but  at  the  same  time  quite  strong.  The  effect 
of  water  pressure  on  these  metal  pipes,  as  governing  the  weights  of 
iron  to  be  used,  need  not  in  the  majorit}'^  of  cases  be  considered,  for 
usually  the  head  is  low.  Pipe  should  be  just  heavy  enough  to  stand 
ordinary  usage  without  being  damaged. 

The  canvas  hose  should  always  be  a  little  greater  in  diameter  than 
the  metal  pipe  with  which  it  is  used,  in  order  that  it  can  carry  with 
ease  the  same  volume  of  water.  It  should  never  be  used  under  any 
considerable  head,  as  it  can  stand  but  little  pressure  without  leaking. 
The  hose  is  made  in  25  to  100  foot  lengths  and  is  formed  of  one  strip 
of  canvas,  the  width  of  which  is  approximately  three  times  the  diame- 
ter of  the  hose  when  sewed,  allowance,  of  coui*se,  being  made  for  the 
seam,  which  is  double  lap  and,  as  a  rule,  machine  sewed.  Various 
weights  of  canvas  are  used,  good  results  being  attained  with  either  10 
or  12  ounce  duck.  Many  use  a  patented  hose  which  has  been  treated 
with  a  preparation  to  make  the  duck  impervious.  Others  use  the 
plain  duck  without  treatment.  The  plain  duck,  if  caref  ull}^  handled 
when  in  use  and  if  not  left  lying  on  the  ground  where  it  will  rapidly 
mildew  when  not  in  use,  will  last,  as  a  rule,  a  season  and  a  half  and 
possibly  two.  The  prepared  hose  will,  with  the  same  treatment  and 
care,  last  two  and  two  and  one-half  seasons,  according  to  the  amount 
of  service  and  the  way  in  which  it  is  taken  care  of.  It  is  quite  possi- 
ble to  prolong  the  life  of  hose  by  giving  it  an  occasional  coating  inside 
and  out  of  boiled  linseed  oil.     Sometimes  it  is  boiled  in  paraffin.    This 

uiyiLizeu  uy  -^..-J  v^v_>'pt  iv^ 


55 


not  only  preserves  the  fiber  of  the  duck,  but  also  adds  to  its  impervi- 
ousness.  Another  treatment,  which  has  been  used  with  success  on 
smaller  canvas  hose  in  some  sections  of  the  East,  consists  in  saturating 
the  canvas  with  hot  coal  tar  and  linseed  oil  in  the  proportion  of  three  or 
four  parts  to  one.  The  hose  after  being  saturated  is  passed  through 
an  ordinary  clothes  wringer,  and  the  excess  of  tar  and  oil  squeezed  out. 
It  is  then  allowed  to  dry  for  several  days  before  being  used. 

The  canvas  hose  is  attached  to  the  metal  pipe  or  other  sections  of 
hose  by  means  of  metal  collars,  which  are  short  sections  of  pipe  (fig. 
26),  around  which  the  canvas  is  bound  with  wire.  At  one  end  of  the 
section  is  a  large  collar;  at  the  other  a  smaller  one.  The  short  hose 
used  to  connect  metal  pipe  with  the  stand  and  also  the  shorter  sections 
used  as  elbows  are  similar  in  construction  to  the  longer  sections,  each 
having  a  small  and  a  large  collar. 

The  details  of  construction  of  one  style  of  cement  stand  are  shown 
in  figure  24,  and  in  Plate  V,  figure  2,  the  method  of  connecting 
the  metal  pipe  with 
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Fio.  26.— Methods  of  arranf^ng  collar  connection  at  ends  of  canvat) 
hose. 


this  form  of  stand 
i.s  illustrated.  The 
right-angled  elbow  is 
made  in  three  sec- 
tions and  is  cemented 
firmly  into  the  top  of 
the  stand.  On  either 
side  of  the  horizontal 
section  of  the  elbow 
a  three-eighths-inch 
threaded  lug  is  riveted,  as  shown.  These  two  lugs  extend  about  3 
inches  beyond  the  end  of  the  elbow  and  are  used  to  hold  in  place  a 
hexagonal-shaped  board  somewhat  larger  in  diameter  than  the  end  of 
the  elbow,  which,  when  the  stand  is  not  in  use,  is  placed  over  the 
opening  and  there  drawn  snug  by  nuts,  thus  preventing  overflow  from 
the  stand. 

Where  pipes  are  rightly  constructed  and  properly  connected  there 
is  little  leakage  at  joints.  Where  it  is  necessary  to  carry  water  up  grade 
less  leakage  will  occur  if  canvas  hose  is  used,  as  there  are  fewer  joints 
and  the  hose  adapts  itself  to  changes  in  direction  better  than  does  the 
metal  pipe. 

CX>HT   OF   PIPE   AND    H06E. 

One  40-acre  tract,  which  is  80  rods  square,  is  successf  uU}^  irrigated 
with  1,300  feet  of  pipe  and  hose,  which  is  just  suflicient  to  convey  the 
water  to  the  lower  end  of  an  80-rod  strip.  Of  the  1,300  feet  600  is 
galvanized-iron  pipe,  8  inches  in  diameter.  The  remaining  800  feet  is 
canvas  hose,  most  of  which  has  been  treated  with  an  impervious  coat- 
ing.    This  proportion  of  hoso  to  pipe  is  much  larger  than  is  u«ed  in 
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many  other  cases,  and  it  is  doubtful  if  it  is  economy  in  the  long  run  to 
have  so  much  hose,  as  it  is  extremely  short  lived.  The  first  cost  is 
less,  but  the  necessary  replacing  of  the  hose  every  year  or  two  brings 
the  ultimate  cost  much  above  that  of  metal  pipe.  The  galvanized-iron 
pipe  is  made  of  No.  24  iron  in  12-foot  sections  and  cost  20  cents  per 
running  foot.  This  price  is  somewhat  low  for  this  grade  of  pipe. 
The  average  price  i«  nearer  to  25  cents  per  foot,  the  variation  being 
due  to  fluctuations  of  the  market.  At  20  cents  the  cost  per  section  is 
$2.40,  or  $100  for  the  entire  length  of  500  feet.  The  canvas  hose  is  an 
inch  larger  in  diameter  and  cost  7  cents  per  foot  for  the  plain  duck  and 
9  cents  per  foot  for  the  prepared  duck.  The  total  cost  for  the  canvas 
hose  was  $68.  For  the  entire  tract,  therefore,  the  necessary  pipes  and 
hose  cost  in  the  neighborhood  of  $168,  or  $4.20  per  acre.  This  cost 
per  acre  on  larger  tracts  would,  of  course,  be  somewhat  reduced,  as 
larger  tracts  than  the  one  taken  as  an  example  are  just  as  successfully 
irrigated  with  no  more  pipe.  On  larger  tracts  it  is  possible  to  keep 
the  pipes  in  use  all  the  time,  irrigating  the  sections  in  turn. 

In  the  two  tables  which  follow  the  current  prices  of  pipe  and  hose 
on  the  Pacific  coast  are  given: 

Price  per  foot  of  galmmzed-iron  pipe,  riveted  and  soldered  in  IS-foot  seetions,  San  Fran- 
cisco market,  Decetnber,  190S, 


Diameter 

No.  20 

No.  22 

No.  24 

No.  26 

of  pipe. 

iron. 

iron. 

iron. 
Cmt». . 

iron. 

Inches. 

Cfc»»te. 

CenU. 

Cents: 

3 

18.5 

17 

11 

9.5 

5 

25.0 

22 

15 

12.5 

6 

28.0 

25 

18 

16.0 

7 

80.0 

28 

21 

18.0 

8 

37.0 

33 

25 

22.6 

9 

40.0 

37 

28 

26.0 

10 

45.0 

40 

31 

28.0 

Price  per  foot  of  canvas  hose,  Los  Angeles  market,  DecemffCTy  190S. 


Coated 

Diameter 
of  hose. 

Plain  duck. 

with  pat- 
ented prep- 
aration. 

Inches. 

Cnit». 

("cuts. 

U 

8.0 

3.5 

'A 

3.5 

4.6 

4 

4.5 

5.5 

6 

6.5 

8.0 

9 

8.0 

10.0 

13 

12.5 

17.5 

The  hose  quoted  in  the  table  is  made  of  12-ounce  double-filled  duck, 
in  lengths  of  100  feet.  Shorter  lengths  are  made  at  the  same  rate, 
except  that  an  extra  charge  of  from  10  to  25  cents  is  made  for  each 
extra  coupling  inserted.  On  orders  of  1,000  feet  or  over  it  is  custom- 
ary to  allow  a  small  discount.  Prices,  of  course,  are  subject  to  wide 
variation,  and  definite  estimates  can  not  be  given.  It  is  believed, 
however,  that  the  figures  given  represent  the  average  C0s»t  of  pipes 
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and  hose,  based  on  prices  which  are  current  in  the  section  where  this 
means  of  irrigation  is  most  used. 

The  preparation  of  land  for  irrigation  with  pipe  and  hose  costs  about 
the  same  as  for  open  ditches  and  varies  from  $2.50  to  $10  per  acre, 
depending  upon  the  cpnditions  of  the  lands.  While  the  expense  of 
leveling  a  field  is  always  monay  well  spent,  from  the  manner  of  appli- 
cation lands  iiTigated  with  pipes  require  less  leveling  than  thoj^e  to  be 
irrigated  by  flooding  from  laterals.  The  cost  of  irrigating  alfalfa  with 
pipes  and  hose  may  be  summed  up  as  follows:  With  an  average  stream 
of  70  inches  of  water  one  man  can  irrigate  from  li  to  2  acres  per  day 
of  ten  hours,  in  addition  to  tending  the  pumping  plant,  where  a  gas 
engine  is  used.  This  area,  of  course,  will  vary  with  the  nature  of  the 
land  and  also  with  the  stage  of  growth  of  the  crop.  The  coat  of  labor 
for  each  irrigation,  however,  will  not  exceed  $1.25  per  acre,  and  should 
in  most  cases  fall  below  $1.  On  the  assumption  that  six  irrigations  are 
necessary  during  the  dry  season,  the  annual  cost  for  labor  should  come 
inside  of  $7.50  per  acre.  When  successfully  grown  alfalfa  will  yield 
from  five  to  seven  crops  each  year  where  it  grows  continuously,  and 
each  crop  will  yield  from  1  to  2  tons  per  acre,  according  to  local  con- 
ditions. This  gives  an  annual  yield  of  from  7  to  12  tons  per  acre, 
which,  at  the  current  price  of  $8  and  $9  per  ton  in  the  field,  produces 
an  annual  gross  return  of  from  $56  to  $108  per  acre. 


The  advantages  of  irrigation  with  pipe  and  hose  may  be  briefly  sum- 
marized as  follows: 

(1)  Losses  which  would  otherwise  occur  by  seepage  in  the  convey- 
ance of  water  over  a  field  are  prevented.  Further  loss  in  application 
due  to  gopher  and  squirrel  holes  is  also  largely  eliminated. 

(2)  A  small  stream  may  be  handled  eflfectively  over  a  large  area,  and 
the  irrigator  may  apply  the  stream  at  any  point  of  the  field  he  desires. 

(3)  No  field  laterals  are  required,  which  is  a  direct  saving  in  the  crop- 
producing  area  of  a  field,  as  well  as  in  the  time  required  to  construct 
and  repair  these  laterals. 

(4)  There  are  no  laterals  and  the  surface  of  the  land  is  free  from 
obstructions.  Crops,  therefore,  can  be  harvested  with  greater  ease 
and  with  less  wear  and  tear  on  farming  machinery. 

(5)  With  pipe  and  hose  land  can  be  irrigated  with  little  or  no  prepa- 
ration, although  it  is  better  to  level  land  to  some  extent,  if  it  needs  it. 

(6)  Introduction  of  noxious  weeds  into  a  field  is  prevented. 
The  disadvantages  are: 

(1)  Initial  cost  is  high,  especially  where  underground  pipes  form 
part  of  the  system. 

(2)  Pipe  and  hose  require  careful  handling  to  prevent  their  being 
damaged.  Canvas  hose,  even  with  l)eHt  care,  is  short  lived  and  requires 
frequent  renewals.  ^^^^^^  byGoOglc 
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(3)  It  is  necessary  to  have  pressure  head  on  pipes  in  order  that  a 
fair-sized  stream  may  be  carried  in  conduits  of  medium  sectional  area. 

Field  irrigation  with  pipes  and  hose  is  undoubtedly  impracticable  in 
many  sections  of  the  West  on  account  of  high  cost.  Numerous  other 
sections,  like  southern  California,  possessing  a.  scanty  water  supply, 
could  well  adopt  the  practice  and  thus  extend  the  area  watered  with 
their  small  supply. 

USE   OF  METAL  CONDUITS  IN   HILLSIDE  ORCHARD  IRRIGATION. 

In  the  citrus-fruit  region  of  California  the  best  fruit-producing 
lands  are  frequently  found  along  the  foothills,  where  the  general  slope 
of  the  land  is  quite  steep.  In  the  irrigation  of  orchards  on  such  slopes 
particular  care  is  required  to  prevent  washing  of  the  loose  soil  and  the 
formation  of  deep  gullies.  This  is  accomplished  in  manj^  cases  by 
laying  out  the  orchard  so  that  the  ditches  supplying  the  basins  can  be 
carried  on  a  uniform  grade  across  the  slope.  Where  this  method  is 
not  practicable,  and  where  it  is  not  only  necessary  to  prevent  erosion 
but  to  conserve  the  water  supply  to  the  greatest  possible  degree,  a 
number  of  orchardists  use  cheap  metal  conduits  in  which  the  water  is 
conveyed  to  the  basins  without  loss  in  transit.  Where  these  devices 
are  used  it  is  possible  to  plant  trees  on  steep  slopes  and  still  have  them 
so  arranged  in  regular  order  that  land  may  be  readily  cultivated.  The 
conduits  which  will  now  be  described  are  in  use  in  the  foothill  orchard 
district  lying  to  the  north  of  Monrovia,  in  southern  California. 

PIPE   IRRIGATION  IN   ORCHARDS. 

The  pipes  in  common  use  are  quite  similar  to  ordinary  water  spout- 
ing and  are  made  in  lengths  of  from  16  to  18  feet,  according  to  the  space 
between  the  rows  of  trees.  They  are  usually  made  of  such  length 
that  one  section  will  reach  from  one  basin  to  the  next.  The  pipes  are 
strung  out  between  two  rows  of  basins  and  connected.  After  the  first 
or  lowest  basins  have  been  filled  from  the  full  length  of  the  pipe  the 
last  joint  is  detached,  the  second  basins  from  the  bottom  are  filled,  and 
so  on,  one  basin  after  another  is  filled  until  the  highest  trees  in  the 
rows  are  irrigated.  As  each  length  of  pipe  is  detached  it  is  laid  over 
in  the  adjoining  row  and  connected  with  the  one  previously  detached 
and  moved  over.  In  this  way  the  line  of  pipe  for  the  new  row  is 
placed  together  while  the  basins  in  the  first  row  are  being  filled  and 
no  time  is  lost  in  handling  the  pipes.  When  the  highest  basins  have 
been  filled  the  pipe  is  attached  to  another  stand  and  the  operation 
repeated  for  the  second  row  of  trees.  In  this  way  a  head  of  from 
25  to  40  inches  will  keep  one  man  busy,  but  he  will  have  ample  time 
to  attend  to  the  basins  and  see  that  no  water  is  needlessly  lost. 

The  best  pipes  for  this  purpose  are  made  of  No.  24  iron,  are  about 
3  inches  in  diameter,  and  are  corrugated  to  give  them  rigidity.     The 
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disadvantages  in  the  use  of  pipes  lie  in  the  fact  that  the  sections  are 
bulky  and  awkward  to  handle,  one  or  two  pipes  being  a  load  for  a  man 
to  cany.  Another  and  more  serious  trouble  is  that  the  pipe  will  not 
stand  rough  handling  and  requires  great  care  to  prevent  the  ends  from 
becoming  jammed  and  bent  and  dents  being  made  in  the  body  of  the 
pipe  itself. 

Pipes  in  conmion  use  cost  all  the  way  from  9  to  17  cents  per  foot, 
according  to  the  weight  of  iron  used  and  their  diameters. 

The  pipes,  when  in  use,  are  joined  to  the  cement  stands  by  short 
pieces  of  canvas  hose  of  somewhat  larger  diameter  than  the  pipe. 
This  permits  the  irrigation  of  several  rows  of  basins  from  one  stand, 
and  also  makes  it  possible  to  connect  with  ease  a  line  of  pipe  which 
has  been  connected  by  sections  for  the  lower  tier  of  basins  with  the 
nearest  stand,  regardless  of  whether  the  stand  be  an  even  pipe  length 
away  frorti  the  upper  end  of  the  connected  pipe  or  not. 

METAL  TROUGHS  A   SUBSTITUTE   FOR  PIPES. 

In  the  place  of  the  pipes  just  described  some  orchardists  have  adopted 
metal  troughs  and  have  much  success  with  them.  In  making  the  basins 
prior  to  irrigating,  channels  are  formed  between  the  tiers  of  basins  by 
the  levees  which  are  thrown  up  to  form  the  basins.  Troughs  are  placed 
in  the  channels  and  make  possible  the  quick  distribution  of  a  stream 
to  a  long  tier  of  basins,  preventing  loss  of  water  in  distribution. 

Rectangular  flumes  made  of  galvanized  iron,  about  No.  22  weight, 
in  so  far  as  delivering  the  water  is  concerned,  are  effective.  They  are 
quite  expensive,  however,  are  bulky  and  awkward  to  handle,  and  are 
easily  damaged.  The  sections  are  10  feet  long  and  are  made  of  30-inch 
iron.  The  troughs  shown  in  the  illustration  were  comparatively  new, 
yet  the  edges  and  ends  are  considerably  damaged. 

A  much  better  and  less  expensive  trough  is  the  triangular  one, 
These  troughs  were  made  of  ordinary  black  corrugated  roofing  iron. 
Each  strip  of  iron  10  feet  long  and  30  inches  wide,  made  two  lengths 
of  trough.  The  corrugations  make  the  troughs  quite  rigid  and  able  to 
withstand  considerable  rough  handling.  The  troughs  are  light  and  as 
they  nest  nicely  one  man  can  easily  carry  from  8  to  12  at  a  time  in 
distributing  them.  As  the  square  troughs  will  not  nest  conveniently, 
two  or  three  lengths  are  about  as  many  as  a  man  can  carry. 

Current  prices  of  10-foot  corrugated  roofing  iron  on  Pacific  coast,  1904' 


NO.B.W.G. 

30  inches  In  width. 

36  inches  in  width.          1 

Weight 
per  sheet. 

Price  per 

sheet. 

$1.44 

1.19 

.99 

.95 

Price  per 

foot 
of  trough. 

Weight 
per  sheet. 

Price  per 
sheet. 

Price  per 

foot 
of  trough. 

22 

Pound*. 

5«  9 

«0.076 
.06 
.05 
.05 

Pounds. 

24             29. 0 

26 
27 

22.7 
21.1 

24.8 
24.2 

$1.14 
1.15 

80.06 
.06> 

pogle 
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FX7SB0W  IBBIGATIOK  IN  THE  TAKIMA  VALLEY,  WASHINGTON. 

The  furrow  system  of  irrigation  is  employed  for  all  crops  in  a  por- 
tion of  the  Yakima  Valley,  Washington.  This  is  due  to  the  fact  that 
flooding  causes  the  surface  to  bake  slightly  because  the  soil  is  so  finely 
divided  that  the  particles  run  together  when  the  surface  is  saturated 
with  water.  Irrigation  by  small  furrows,  which  produces  wetting  of 
the  surface  by  capillarity,  has  been  found  better  adapted  to  this 
character  of  soil. 

HEAD   DITCHES. 

In  laying  out  head  ditches  choose  the  side  of  the  field  from  which 
the  most  uniform  slope  can  be  obtained.  Turn  four  furrows  together; 
then  with  the  same  plow,  or,  if  the  ditch  is  to  be  small,  with  a  large 
single-shovel  ditch  plow,  plow  out  the  center,  cutting  only  a  little 
deeper  than  the  original  surface.  The  head  ditch  should  be  divided 
into  levels  by  means  of  drop  boxes  if  the  surface  has  much  slope,  so 
that  the  water  can  be  taken  out  through  spouts  into  the  irrigating  fur- 
rows. But  the  attempt  should  not  be  made  to  carry  the  water  too  far 
on  a  level,  as  this  will  make  the  banks  so  high  on  the  lower  end  that 
they  will  break.  Drop  boxes  cost  about  $2.50  each  when  put  in  com- 
plete. Nothing  will  take  the  place  of  the  shovel  and  hand  work  in 
dressing  up  a  head  ditch.  The  sides  should  be  suflSciently  strong  where 
the  water  is  raised  above  the  surface  to  be  reasonably  secure  from 
breaks;  for  a  break  will  more  than  offset  the  extra  care  required 
in  strengthening  the  ditch  banks.  The  ditch  should  receive  special  care 
until  the  banks  become  hardened  and  silted.  A  rough  estimate  of  the 
cost  of  head  ditches  is  $10  for  80  rods  in  addition  to  $2.50  each  for 
the  drop  boxes. 

SETTING   SPOUTS. 

.  A  man  ordinarily  sets  40  or  50  spouts  in  a  ditch  bank  in  a  day,  but 
as  many  as  80  are  sometimes  set.  They  are  made  of  wooden  strips  or 
laths  one-half  inch  thick  by  2  inches  wide  and  3  feet  long.  Four  of 
these  are  nailed  together,  forming  a  square  spout.  The  strips  cost  $6 
a  thousand,  or  0.6  of  a  cent  each.  It  costs  1,1  cents  to  make  each 
spout.  This  makes  the  cost  of  each  3.5  cents.  If  a  man  sets  50  in  a 
day  they  will  cost  in  place  6.5  cents  each.  Placed  4  feet  apart  there 
will  be  330  in  a  length  of  80  rods,  making  the  spout  system  cost  $21.45 
for  each  80-rod  line.  With  furrows  80  rods  long  this  will  serve  40 
acres,  making  the  cost  about  54  cents  per  acre.  When  set  they  must 
be  well  puddled  in.  The  quantity  of  water  which  is  passed  through 
them  is  regulated  by  a  piece  of  lath  or  a  shingle  placed  vertically  in 
the  ditch  against  the  end  of  each  spout.  The  best  work  can  be  done 
by  having  the  head  ditches  at  short  distances  from  each  other,  enabling 
the  owner  to  save  water  and  irrigate  with  greater  ease  and  efficiency. 
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Plate  VI. 


Fig.  1.— Making  Furrows  with  Single-shovel  Plow. 


Fig.  2.— Wooden  Head  Flume. 


'Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


61 

One  of  the  best  irrigators  near  Sunnyside,  Wash.,  has  this  to  say  upon 
the  subject: 

I  made  two  serious  mistakes  when  I  started  to  improve  my  40  acres.  I  did  not 
use  a  sufficient  number  of  drop  boxes  in  my  head  ditches  and  I  placed  the  ditches 
too  far  apart.  I  attempted  at  first  to  make  one  head  ditch  serve  a  length  of  80  rods, 
but  it  was  too  far  to  run  the  water  profitably  in  the  irrigating  furrows. 

THE   IRRIQATING   FURROWS. 

Furrows  are  run  down  the  slope  from  the  spouts.  The  practice  of 
irrigators  varies  much  with  respect  to  their  depth  and  distance  apart. 
Some  land  wets  up  more  easily  and  speedily  than  other  land,  giving 
rise  to  the  difference  in  furrowing.  One  point  to  be  particularly  noted 
in  irrigating  by  this  method,  so  careful  farmers  tell  us,  is  to  have  the 
furrows  carry  as  nearly  full  as  possible  without  breaking  over  the 
sides.     One  successful  irrigator  says: 

I  run  my  furrows  as  full  as  they  will  hold  until  the  water  gets  half  way  across  the 
field,  then  I  shut  off  the  supply.  The  water  already  in  the  furrows  is  sufficient  for 
the  balance  of  the  field  and  I  have  no  waste.  I  have  the  best  success  with  new  seed- 
ing when  1  make  the  furrows  6  inches  deep  and  8  inches  wide  on  top,  and  4  feet 
apart.  I  make  them  with  a  single  shovel  plow  drawn  by  two  horses.  I  keep  the 
furrows  straight  by  means  of  a  side  gauge  which  makes  a  mark  parallel  to  the  last 
furrow,  which  1  follow  on  the  return  passage.  ( PI.  VI,  fig.  1. )  A  man  and  team 
will  furrow  5  acres  a  day,  making  the  cost  of  furrowing  50  cents  an  acre.  I  can  thor- 
oughly wet  my  land  in  four  days,  while  my  neighbor  over  the  slope  has  his  furrows 
2  feet  apart  and  runs  water  in  them  for  a  week  before  the  two  wet  streaks  meet  mid- 
way between  the  furrows. 

The  irrigating  furrows  when  only  2  feet  apart  are  mere  marks  not 
over  3  inches  deep.  When  the  crop  is  once  established  every  alternate 
furrow  is  abandoned. 

FIELD  FLUMES. 

Instead  of  head  ditches,  wooden  flumes  or  troughs  are  frequently 
used.  (PI.  VI,  fig.  2.)  In  many  respects  they  are  superior  to  the 
ditch,  especially  where  the  slope  of  the  land  is  considerable.  Water 
may  flow  at  a  good  velocity  down  the  flume,  and  yet  be  delivered  to 
the  distributing  furrows  as  desired.  Auger  holes  are  bored  through 
the  side  of  the  flume  flush  with  the  bottom  at  points  where  water  is 
to  be  delivered  to  the  furrows.  A  swing  gate  or  stop  placed  on  the 
inside  of  the  flume  covers  or  partly  covers  the  hole  as  may  be  desired. 
A  cleat  across  the  bottom  below  each  hole  swings  upon  a  nail  througli 
the  middle  in  such  a  way  that  it  may  be  used  as  a  movable  dam  to 
increase  or  diminish  the  quantity  of  water  discharged  at  each  hole. 
This  is  a  favorite  method  of  distributing  water  with  many,  especially 
in  gardens  and  fields  where  a  great  number  of  drop  boxes  will  other- 
wise be  required.  A  flume  1  foot  wide  with  6-inch  sides  can  be  built 
for  about  7  cents  a  foot.  This  plan  does  away  with  the  use  of  lx)th 
drop  boxes  and  ditch  spouts. 
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HOW   TO   IRRIGATE. 


How  often  to  irrigate  and  how  much  water  to  apply  must  be  decided 
by  each  individual  in  accordance  with  the  character  of  his  soil  and  the 
crop  he  wishes  to  produce.     One  experienced  irrigator  says: 

You  can't  irrigate  by  the  clock.  You  must  put  water  on  when  the  crops  need  it 
and  take  it  off  when  the  want  is  supplied.  Enough  water  is  better  than  too  much. 
Two  irrigations  are  usually  suflBcient  for  a  crop  of  alfalfa  or  grass.  Four  or  five  are 
required  for  young  orchards.  Melons  and  beets  should  have  no  water  for  some  time 
previous  to  maturity  of  the  crop.  Alfalfa,  clover,  and  timothy  should  have  no  water 
during  the  maturing  of  the  seed  if  seed  is  desired.  Some  foresight  is  required  in 
using  the  water  at  your  command,  so  that  sections  of  the  land  may  be  irrigated  con- 
secutively for  economy  of  both  water  and  labor  of  applying  it.  Above  all,  watch 
your  work.  Do  not  start  the  water  over  a  field  and  then  go  to  town  to  spend  the 
balance  of  the  day.    Each  little  stream  requires  attention. 

One  of  the  Sunnyside  irrigators,  with  much  commendable  pride, 
showed  the  writer  a  field  of  sandy  slope  which  he  had  seeded,  and  in 
the  process  he  ''had  not  lost  a  barrel  of  water."  It  had  all  been  used 
upon  the  land, 

^  IB.BIOATI0N  BY  FLOOBIKa  IN  GALLATIN  VALLEY,  MONTANA 

f  In  Montana  the  usual  method  of  irrigation  is  by  flooding  between 
field  ditches.  Alfalfa,  timothy,  blue  joint,  clover,  pasture  lands,  and 
cereals  are  irrigated  in  this  way.  With  a  few  exceptions,  the  only 
other  method  practiced  is  furrow  irrigation,  and  it  is  confined  to  vege- 
tables, root  crops,  and  orchards,  the  total  acreage  of  which  is  small  in 
comparison  with  that  in  grain  and  forage  crops.  Fully  90  per  cent  of 
the  water  utilized  each  season  is  distributed  over  the  fields  in  small 
field  ditches  and  spread  over  the  land  from  openings  made  in  the  ditch 
banks.  The  methods  of  applying  water  as  practiced  by  the  Gallatin 
Valley  farmers  have  been  introduced  with  certain  modifications  into- 
many  of  the  other  farming  districts  of  the  State.  ' 

^  Much  of  th^  land  was  acquired  in  the  first  place  by  homestead  entry 
in  quarter  sections.  In  course  of  time  many  of  the  original  home- 
steads were  divided  into  80-acre  and  40-acre  tracts,  and  others  were 
increased  to  240  and  320  acre  tracts.  The  average  size  of  the  farms  at 
the  present  time  is  probably  not  far  from  100  acres.  In  Gallatin 
Valley  water  for  irrigation  is  distributed  for  the  most  part  in  con- 
tinuous streams,  because  the  farms  are  large  and  an  irrigator  receives 
as  much  through  his  head  gate  as  he  can  properly  take  care  of. 
Instead  of  having  the  water  turned  oflf  when  one  part  of  his  holding 
is  irrigated  he  applies  it  on  another  tract,  and  when  all  of  the  land  on 
a  farm  of  160  acres  has  received  one  irrigation  it  is  usually  time  to 
begin  to  apply  the  second.  Such  a  practice  would  be  entirely  unsuited 
to  the  small  farms  of  Utah,  for  example,  for  the  reasons  that  it  would 
involve  a  needless  waste  of  labor  ^nd  expense  in  irrigating,  and  a  con- 
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tinuoiis  stream  apportioned  to  a  field  of  from  10  to  20  acres  would  be 
too  small  to  be  distributed  to  advantage  and  would  be  wholly  absorbed 
by  portions  of  the  field  before  it  covered  the  remainder. 

In  grain  fields  the  distances  between  the  field  ditches  vaiy  from  60 
to  90  feet  and  probably  average  about  76  feet.  The  ditches  are  made 
with  a  14  or  16  inch  double-moldboard  plow  attached  to  a  sulky  frame 
which  is  drawn  by  three  horses. 

The  ditches  are  cleaned  out  with  a  14  or  16  inch  st^jel  shovel  (fig.  27) 
attached  to  a  beam  having  handles  like  those  of  a  walking  plow  and 
drawn  by  one  horse.  This  implement  also  forms  the  earth  dams  in 
the  ditches  and  is  locally  styled  a  dammer.  The  horse  walks  in  the 
furrows  made  by  the  ditch  plow,  and  the  loose  earth  in  the  bottom  and 
sides  is  carried  forward  by  the  steel  shovel  and  dumped  in  a  heap  by 
simply  raising  the  handles  which  guide  the  dammer.  If  suflicient  earth 
for  each  dam  is  not  obtained  in  the  first  trip  the  horae  is  driven  back 
along  the  furrow  and  more  deposited  as  needed.  These  dams  or  earth 
checks  are  usually 
about  60  feet  apart. 

A  stream  of,  say, 
100  miner's  inches  is 
turned  into  the  sup- 
ply ditch  and  divided 
between  two  adjacent 
field  ditches.  Vari- 
ous devices  are  used 
to  make  the  division, 
but  the  canvas  dam 

if       r^r^\        •  ^  1  *'^^  •  27.— Dammer  used  in  cleaning  and  damming  field  laterals. 

(tig.  28),  With  an  open- 
ing controlled  by  a  flap  of  canvas,  is  one  of  the  most  convenient.  One 
of  these  is  placed  at  A  (fig.  29)  and  an  ordinary  canvas  dam  at  B. 
The  earth  dams  at  C  and  E  are  then  cut  and  part  of  the  stream  flows 
into  the  field  ditch  CD  and  the  remainder  escapes  through  the  opening 
in  the  canvas  dam  at  A  and  flows  to  the  point  B,  where  it  is  checked 
and  diverted  into  the  field  ditch  EF.  The  earth  dam  at  D  checks  the 
flow  in  CD  and  permits  the  water  to  be  distributed  through  a  number 
of  openings  to  irrigate  all  that  portion  included  in  C,  D,  F,  and  E. 
When  this  piece  of  ground  is  thoroughly  soaked  to  a  depth  of  12 
inches  the  dam  at  D  is  opened  and  the  water  rushes  through  until 
checked  by  the  next  earth  dam.  The  strip  below  EF  is  irrigated  in  a 
similar  manner,  one  man  attending  to  both.  By  this  method  and  with 
a  good  head  of  water  one  man  can  irrigate  on  an  average  5  acres  per 
day.  If  the  flow  of  water  is  small  and  intermittent  the  average  may 
not  be  more  than  2  acres. 
The  second  irrigation  is  applied  in  the  sjmie  way,  but  the  amount  of 
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water  used  is  considerably  less.  Some  time  after  the  last  watering 
and  before  harvesting  the  field  ditches  are  leveled  so  as  not  to  obstruct 
the  binder.  This  is  often  done  with  a  small  walking  plow  by  turning 
two  furrows  toward  the  ditch.  A  better  contrivance,  and  one  which 
is  used  on  some  of  the  Gallatin  Valley  farms,  is  made  from  a  worn- 
out  disk  harrow.  Four  disks,  two  on  each  side  of  the  center  and  set 
at  an  angle,  are  attached  to  a  short  beam  and  drawn  along  the  ditch. 
Clover  and  alfalfa  are  irrigated  in  a  somewhat  different  manner. 
The  ditches  in  grain  fields  seeded  to  clover  or  alfalfa  are  spaced  far- 
ther apart  than  for  grain  crops,  in  order  to  be  adapted  to  the  forage 

crops  of  the  follow- 

OPENING  6X8''    ing  years. 

In  ordinary  prac- 
tice the  ditches  for 
clover  and  alfalfa 
are  located  100  feet 
apart,  and  the  dams 
are  made  of  manure 
instead  of  earth. 
Some  time  before  a 
field  is  to  be  irrigated 
and  after  the  dik*h- 
ing  is  done,  manure, 
containing  consider- 
able straw,  is  depos- 
ited in  small  heaps 
about  60  feet  apart 
along  each  ditch.  A 
day  or  two  before 
the  water  is  turned 
on  each  heap  is  ar- 
ranged in  a  more 
compact  form  and 
receives  a  covering 
of  earth  from  1  to  2 
inches  thick  on  it^ 

upper  face.     This  manure  and  earth  dam  retains  the  water  in  the  ditch 

sufliciently  long  to  water  the  small  intervening  space.     It  is  then 

broken  and  the  water  passes  on  to  the  next  dam. 
After  the  first  irrigation  the  coarse  manure  and  straw  are  deposited 

on  the  edge  of  the  ditch  and  may  be  used  a  second  or  even  a  third 

time. 
Manure  dams  similar  to  these  just  described  are  frequently  used  for 

the  second  irrigation  of  grain  crops.     It  should  be  stated,  however, 

that  this  practice  is  less  generally  used  now  than  in  former  yeai-s. 
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Steel  dams  are  now  quite  commonly  used  instead  of  earth  dams  in 
grain  fields,  and  the  ordinary  canvas  dam  is  being  substituted  for 
manure  dams  wherever  clover  and  alfalfa  are  extensively  grown. 

In  some  sections  of  Gallatin  Valley,  particularly  under  the  West 
Gallatin  Irrigation  Company's  canal, 
the  field  ditches  are  parallel  and  ex- 
tend down  the  steepest  slope  from 
the  supply  ditch  at  the  top  of  the 
field  to  the  catch  ditch  at  the  bot- 
tom. In  this  method  l)oth  earth  and 
manure  dams  are  used  in  a  manner 
similar  to  those  of  grade  ditches, 
but  the  distribution  of  the  water  is 
different.  This  may  be  seen  by  a 
glance  at  figure  30.  Water  flows  out 
of  the  ditch  from  both  sides  and, 
the  grade  being  steep,  it  is  dis- 
tributed from  openings  made  just 
above  each  dam. 

The  common  practice  of  irrigat- 
ing from  steep,  i>amllel  field  ditches 
in  Beaverhead  County,  Mont.,  is 
thus  described  })y  Mr.  E.  C. 
Lamme: 

The  laterals  are.  made  with  a  liHter  attmrhed  to  a  Hulky  frame  au<l  drawii  by 
four  horses  and  are  spaced  from  30  to  150  feet  a])art,  aecording  to  conditions.  The 
size  of  each  lateral  varies  from  16  to  18  inches  in  widtli  and  from  10  to  12  inclies  in 

depth.  Stal)le  manure 
or  half-rotte<l  straw  is 
used  for  check  dams. 
Tliesi^  are  sj>aciMl  ahout 
(>5  feet  ajiart. 

Wlien  the  grain  is  from 
3  to  5  incljes  higli  the 
lirst  irrig;ition  is  begun. 
On  the  extensive  farm  of 
J.  K.  Morse,  of  Dillon, 
each  irrigator  is  given 
125  miner's  inches  of 
water,  which  is  divided 
between  two  laterals. 
The  water  is  kept  run- 
ning night  and  day,  the 
men  changing  at  noon 
an<l  midnight.  As  soon 
as  the  first  irrigation  is 
Fig.  30.— Flooding  from  diicliea  ruuiiliig  down  steepest  f^lupc.  completed  the  dams  are 

reset  for  the  second  irrigation.  In  resetting  the  dams  the  manure  or  straw  is  mixed 
with  the  earth  while  both  are  kept  damp,  which  forms  a  stronger  and  more  imi)er- 


2y.— Flooding  from  lieUl  laterals. 
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vious  dam.  For  this  reason  a  larger  head  of  water  can  be  useti  for  the  second  irriga- 
tion. This  irrigation  follows  the  first  in  from  twelve  to  twenty-five  days.  Each 
irrigator  is  given  200  inches  of  water,  and  this  stream  is  kept  running  night  and  day 
as  in  the  first  irrigation. 

IBBIGATION  PRACTICE  IN  NEVADA. 

The  conditions  under  which  the  variou.s  crops  are  grown  in  the  scat- 
tered valleys  of  Nevada  differ  widel3\  The  observations  of  the  writer 
during  his  one  year's  residence  in  the  State  have  been  confined  mainly 
to  the  practices  in  the  Truckee  Valley.  In  this  valley  there  is  and 
always  hjis  been  an  abundant  supply  of  irrigation  water,  which  must 
account  in  part  for  the  methods  used.  To  one  who  is  familiar  with 
the  economy  practiced  by  ranchers  in  other  regions  where  this  abund- 
ance does  not  exist  the  piuctice  in  this  valley  seems  wasteful.  Reports 
from  other  parts  of  the  State,  where  at  times  a  scarcity  of  water 
exists,  seem  to  indicate  that  there,  as  in  the  Truckee  Valley,  the  num- 
ber of  irrigations  used  in  growing  a  crop  is  limited  only  by  the  amount 
of.  water  to  be  had. 

NATIVE   GRASSES. 

In  the  growing  of  native  grasses  not  only  are  the  most  primitive 
methods  of  irrigation  used,  but  apparently  the  greatest  excess  of  water. 
Mr.  J.  D.  Stannard,  in  his  report  of  irrigation  investigations  in  the 
Humboldt  River  Valley,^  speaks  of  the  growing  of  native  hay  in  the 
bottom  lands  along  the  Humboldt  as  follows: 

For  a  numl)er  of  years  after  these  lands  were  occupied  the  natural  channels  of  the 
stream  were  not  of  sufficient  capacity  to  accommodate  tlie  volume  of  water  that  came 
down  during  the  floods  .of  spring  and  early  summer.  The  streams  at  these  times 
would  overflow  the  meadow  lands  for  a  sufficient  length  of  time  to  produce  a  crop. 
As  more  and  more  water  was  taken  out  by  irrigators  higher  on  the  stream,  the  vol- 
ume of  water  during  the  flood  seasons  became  inadefjuaie  to  irrigate  those  meadow 
lands  as  was  formerly  done,  and  dams  were  i)laced  in  the  channels  to  force  the  water 
out  of  the  streams  and  over  the  meadows  as  in  former  times. 

This  is  called  irrigation  by  natural  flow.  Wherever  native  gi'ass  is 
grown  it  is  customary  to  flood  it,  and  in  some  cases  water  is  allowed  to 
run  over  the  land  throughout  the  entire  growing  season. 

ALFALFA. 

Alfalfa  is  grown  in  Nevada  with  from  1  to  22  irrigations  in  a  sea- 
son. Mr.  Stannard  states  that  in  the  Humboldt  River  Valley  the 
crop  is  irrigated  from  one  to  eight  times;  that  the  lands  receiving  one, 
two,  and  three  irrigations  have  given  practically  the  same  yields  of  hay, 
or  yields  greater  than  those  obtained  from  other  lands  irrigated  six, 
seven,  and  eight  times;  and  that  the  highest  yields  were  from  lands 
irrigated  four  or  five  times. 

«  Nevada  Sta.  Bui.  54. 
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In  the  Truckee  Valley  the  common  practice  is  to  ^ive  alfalfa  10  or 
12  irrigations,  though  some  men  irrigate  less  and  others  as  many  as 
22  times.  The  character  of  the  soil  will  in  many  cases  account  for 
differences  in  the  number  of  irrigations  required  by  a  crop.  Much 
of  the  valley  soil  is  so  gravelly  and  porous  that  it  does  not  hold  water 
well  and  therefore  requires  more  frequent  irrigation  than  a  closer, 
more  compact  soil. 

The  character  of  the  land  upon  the  station  farm  is  such  as  to  indi- 
cate that  it  would  require  the  maximum  amount  of  water  to  grow  a 
crop,  and  here  good  results  were  had  from  seven  irrigations.  In  fact, 
an  originally  poor  stand  of  alfalfa  has  been  much  improved  by  using 
less  water  than  was  used  by  the  former  owner  of  the  land. 

Mr.  Stannard's  report  suggests  what  the  station  experience  indi- 
cates, that  an  excessive  use  of  water  is  not  only  unuccessar}",  but  is 
detrimental  to  the  crop.  Alfalfa  is  a  plant  that  thrives  best  in  wann 
soil  and  atmosphere.  The  water  of  mountain  streams  is  always  cold. 
The  too  early  and  too  frequent  applications  of  water  keep  the  soil 
cold,  atid  thus  retard  the  growth  of  the  plant.  These  conditions  that 
check  the  growth  of  alfalfa  stimulate  the  growth  of  the  less  desirable 
shallow-rooted  grasses,  which  are  then  said  to  "run  out"  the  alfalfa. 

Two  methods  of  irrigation  are  used  in  the  cultivation  of  alfalfa — the 
so-called  flooding  method,  where  the  land  is  flooded  by  means  of  par- 
allel ditches  extending  across  the  field  40  or  60  feet  apart,  and  the 
more  extensively  used  furrow  method. 

The  furrow  method  is  used  alike  for  alfalfa,  grain,  and  garden.  It 
finds  favor  because  it  makes  possible  the  irrigation  of  land  that  could 
not  be  flooded  on  account  of  its  rough  and  uneven  character.  Many 
fields  that  have  been  producing  hay  or  pasture  for  j^eai^s  have  never 
been  plowed  because  they  are  so  stony.  Many  more  might  profitably 
be  leveled  and  irrigated  bv  a  less  wasteful  method.  By  this  method 
the  water  is  carried  over  the  land  from  the  distributing  ditches,  or 
laterals,  by  means  of  shallow  furrows  from  2  to  4  inches  deep  and 
from  20  to  40  inches  apart.  These  furrows  are  genenilly  made  at 
right  angles  to  the  head  ditch,  but  often  a  more  desirable  fall  is 
secured  by  running  them  at  a  different  angle.  The  aim  is  usually  to 
lay  out  the  furrows  so  as  to  secure  the  least  fall.  In  irrigating,  the 
water  must  run  through  the-  furrows  until  the  spaces  between  them 
are  thoroughly  soaked,  and  this  is  where  the  ap^iarent  waste  of  water 
comes  in.  The  fact  that  the  land  between  the  furrows  is  not  flooded 
and  subsequently^  baked  by  the  sun  is  a  theoretical  advantage  of  fur- 
row irrigation  over  flooding,  but  the  difference  in  crop  yield  does  not 
always  uphold  the  theory.  One  great  inconvenience  is  the  necessity 
of  having  to  drive  over  the  furrows  in  cutting  and  hauling  the  crop. 

The  furrows  are  made  by  the  use  of  machines  built  for  the  purpose. 
These  machines  are  not  on  the  market,  but  are  usually  constructed  by 
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local  blacksmiths,  directed  by  the  itinchers  themselves.  Old  mowing 
machines  furnish  the  main  parts,  such  as  wheels,  tongue,  levers,  seat, 
etc.  Two  styles  of  furrowing  machines  are  shown  in  Plate  V^II,  figures 
1  and  2.  In  alfalfa  fields  the  furrows  are  permanent  but  need  to  be 
opened  up,  or  "furrowed  out,''  every  spring  before  irrigation  begins, 
this  being  done  with  the  same  machine  used  in  making  them.  After 
ref  urrowing  the  ground  is  rolled.  It  is  much  more  difficult  to  get  the 
water  over  the  ground  the  first  time  in  the  spring  than  at  later  irriga- 
tions; because  it  is  necessary  to  see  that  every  furrow  is  clear,  that 
the  water  may  run  unobstructed  from  the  head  ditch  on  the  one  side 
of  the  field  to  the  waste  ditch  on  the  other.  It  is  clear,  then,  that  the 
amount  of  water  one  man  can  handle  has  its  limit.  After  the  first 
irrigation  this  will  depend  largely  on  the  size  and  shape  of  the  field, 
the  contour  of  the  land,  and  the  degree  of  economy  practiced.  Water 
should  not  be  allowed  to  run  to  waste  after  the  ground  has  })een 
thoroughly  soaked,  nor  should  it  l)e  allowed  to  stand  long  on  the  field. 
On  the  station  farm  in  the  irrigation  of  a  33-acre  field  of  alfalfa  a 
stream  of  about  2.5  cubic  feet  per  second  was  generally  used.  The 
field  was  irrigjited  three  times  for  each  of  the  two  hay  crops  and  once 
for  the  pasture  crop  that  followed.  The  first  irrigation  was  May  15. 
The  cost  of  irrigation  for  the  season  was  about  $2  per  acre. 

GRAIN. 

There  seems  to  be  the  same  excessive  use  of  w^ater  in  the  growing 
of  grain  as  with  alfalfa.  The  most  common  pmctice  in  the  Truckee 
Valley  seems  to  be  to  irrigate  gniin  from  six  to  eight  times,  some  men 
using  ten,  fifteen,  and  even  twent}'^  irrigations. 

It  is  easy  to  overirrigjite  grain  when  it  is  young.  The  results  upon 
the  station  farm  the  past  season  were  fairl}^  satisfactory  from  three 
and  four  irrigations.  Wheat  yielded  4G  and  48  bushels  ])er  acre  and 
oats  from  G5  to  75  bushels  per  acre— yields  above  the  averjige  results 
of  connnon  practice.  The  first  irrigation  was  May  27,  before  which 
many  fields  in  the  valley  had  been  watered  two  or  three  times. 

The  furrow  method  is  used  almost  exclusiveh'  in  the  irrigation  of 
grain.  Here  it  is  more  essential  that  the  space  between  the  furrows 
should  not  })e  flooded  than  in  the  case  of  alfalfa,  because  the  young 
grain  does  not  always  make  sufficient  growth  to  shade  the  ground 
before  the  first  irrigation.  Last  spring  the  grain  upon  the  station 
farm  practically  covered  the  ground  when  first  watered.  After  the 
grain  is  sufficiently  grown  to  be  in  danger  of  lodging,  it  should  not 
be  irrigated  when  the  wind  blows. 

To  facilitate  handling  the  water  it  is  best  to  run  a  smaller  ditch  or 
furrow  parallel  with  the  head  ditch,  into  which  w^ater  is  turned  at* 
convenient  intervals  from  the  head  ditch,  these  intervals  to  be  deter- 
mined by  the  number  of  furrows  that  can  be  filled  by  the  head  of 
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Plate  VII. 


Fig.  1.— Furrower  Used  on  Nevada  Experiment  Station  Farm. 


Fig.  2.— Furrower  Used  by  D.  C.  Wheeler,  Reno,  Nev. 
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water  in  use.  For  instance,  referring  to  figure  31,  if  the  head  of  water 
is  alx)ut  what  can  be  carried  by  ten  furrows,  put  a  tappoon  across  the 
ditch  between  A  and  B,  open  the  ditch  at  A,  and  fill  the  space  between 
the  ditch  bank  and  the  land  at  X.  The  water  is  thus  turned  into  the 
first  ten  furrows.  When  this  part  of  the  field  is  sufficiently  wet,  first 
put  in  another  obstiniction  at  Y,  put  in  a  tappoon  between  B  and  C, 
make  an  opening  at  B,  and  close  up  A.  The  water  is  thus  turned  off 
from  the  first  ten  furrows  and  into  the  second  ten.  In  some  cases  it 
is  better  to  have  water  run  from  two  or  more  openings  in  the  head 
ditch  at  once,  depending  upon  the  amount  of  water  used  and  the  fall 
of  the  liead  ditch. 

Making  and  breaking  dams  in  the  head  ditch  and  making  and  closing 
breaks  in  its  bank  are  not  in  keeping  with  the  best  irrigation  practice. 
In  permanently  laid-out  fields  the  ditches  should  be  provided  with 
boxes  or  with  "back  flows"  for  the  control  of  the  water.     When 
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Fig.  31.— Use  of  tappoons  in  furrow  irrigation. 

water  is  first  turned  onto  the  land  the  flow  from  the  first  box  should 
be  so  regulated  by  raising  or  lowering  the  gate  that  the  flow  will  fill 
the  desired  furrows,  and  so  on  down  the  ditch  until  the  water  is  all 
in  use. 

The  furrow  method  of  irrigation  is  especially  adapted  to  crops 
planted  in  rows,  such  as  corn,  potatoes,  roots,  and  other  vegetables. 
Here  the  ground  may  and  should  be  stirred  by  the  use  of  a  cultivator 
of  some  sort  as  soon  as  it  is  dry  enough  after  ever}'  irrigation,  and 
new  furrows  should  be  made  for  subsequent  irrigations. 

The  cost  of  fitting  land  for  the  first  application  of  water  can  not  be 
stated  in  a  general  way.  Some  men,  after  clearing  land  of  sagebrush 
at  a  cost  of  $1.50  per  acre,  have  paid  as  much  as  $30  an  acre  for  haul- 
ing off  stones.  In  furrowing  a  grain  field  or  refurrowing  alfalfa,  10 
acres  is  a  fair  day's  work  for  a  man  and  team. 
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METHODS  IN  USE  IN  SALT  LAKE  BASIN. 

On  account  of  the  system  of  colonization  which  has  for  years  l)oen 
in  vogue,  agricultural  pi-actice  varies  but  little  throughout  the  irrigated 
portions  of  Utah.  The  farmer  along  the  Virgin  River,  in  the  extreme 
southern  part  of  the  State,  irrigates  his  grain  in  much  the  same  manner 
as  does  the  farmer  living  in  Cache  Valley,  in  the  northern  part  of  the 
State.  The  methods  they  employ  were  developed  in  the  parent  colony 
in  Salt  Lake  Valley  and  have  been  adopted  with  but  slight  variations 
in  other  sections  of  the  State,  as  well  as  in  some  of  the  Mormon  colonies 
in  neighboring  States.  What  will  l)e  said,  therefore,  in  regard  to 
irrigation  practice  may  be  taken  as  typical  of  the  State  as  a  whole* 

Fall-sown  grain,  or  "  dry  grain,"  as  it  is  commonly  termed,  requires, 
as  a  rule,  no  irrigation.  It  is  sown  during  the  fall  months,  is  brought 
up  by  the  rains,  and  during  winter  is  protected  by  snow.  When  the 
snow  goes  off  in  the  spring  it  grows  rapidly,  and  the  rains  received  in 
the  early  spring  are  in  average  years  sufficient  to  bring  it  to  maturity. 

Spring-sown  grain, 
however,  is  depend- 
ent upon  irrigation 
for  its  full  develop- 
ment. The  land  on 
which  spring  grain 
is  to  be  grown  may 
either  be  plowed  in 
the  fall,  in  which 
C4ise  it  will  be  in 
splendid  tilth  for 
sowing,  or  it  may 
be  plowed  in  the 
spring  as  soon  as 
the  frost  is  out  of 
the  ground.  The  gniin  is  drilled  in  at  any  time  from  the  latter  part 
of  March  to  the  last  weeks  in  April,  depending  upon  the  locality  and 
the  weather  conditions. 

After  sowing  time  the  farmer's  next  duty  is  the  preparation  of  his 
land  for  the  first  irrigation.  The  tract  of  land  is,  as  a  rule,  supplied  by 
a  main  lateral  or  ditch,  which  is  located  along  the  highest  side.  If  the 
tract  be  large,  this  main  ditch  is  supplemented  by  others  paralleling  it 
at  intervals  of  15  rods  or  more,  which  cut  the  field  in  strips,  each  having 
a  suppl}^  lateral  along  its  upper  side,  which,  in  addition  to  supplying 
the  tract  below  it,  serves  to  catch  the  surplus  from  the  strip  next  above. 
The  planted  area  is  then  gone  over  with  what  is  called  a  '* marker" 
(fig.  82).  It  consists  usualh'  of  an  8-inch  log  8  or  10  feet  long,  to 
which  is  attached  a  tongue  and  doubletrees.     Wooden  blades  or  teeth. 


Fro.  32.— Ilomommie  marker  for  furrow  irrigation. 
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2  or  3  inches  wide  and  from  12  to  10  inches  long,  are  inserted  in  the 
log,  and  the  whole  forms  a  comb-like  implement,  which  when  drawn 
over  a  field  makes  furrows  2  or  3  inches  deep.  The  usual  spacing  of 
the  teeth  in  the  log  is  from  18  to  24  inches. 

Many  prefer  to  mark  the  fields  immediately  after  the  sowing,  while 
others  wait  until  the  grain  is  up.  The  direction  in  which  the. furrows 
are  run  depends  on  the  slope.  After  a  field  has  been  marked  the 
water  is  admitted  into  the  laterals,  and  at  intervals  of  2  or  3  rods  is 
turned  from  the  laterals  onto  the  fields  by  temporary  earthen  dams  or 
the  more  etfective  canvas  dams,  cuts  being  made  in  the  banks  of  the 
laterals.  The  water,  after  it  leaves  the  lateral,  is  directed  into  the 
small  channels  made  by  the  marker  and  flows  rapidly  over  the  surface. 
However,  the  water  is  not  entirely  confined  to  the  furrows,  but  is 
allowed  to  overflow.  They  simply  serve  as  guides  to  carry  the  water 
to  all  parts  of  the  field,  thus  insuring  a  thorough  wetting  of  the  sur- 
face. Where  the  small  furrows  arc  made  across  the  slope  they  aid  in 
distributing  the  water  transversely,  and  a  larger  stream  may  be  taken 
from  the  main  lateral.  Where  the  marks  run  with  the  slope,  more 
attention  is  required  of  the  irrigator  to  prevent  them  washing  into 
large  channels  and  becoming  collectors  rather  than  distributors  of  the 
water.  In  some  instances  the  marker  is  handled  so  as  to  place  the 
channels  on  a  slight  grade.  This  method  gives  perhaps  the  best  results. 
During  the  first  irrigation  close  attention  must  be  given  to  the  distri- 
bution, and  dirt  must  be  put  here  and  there  in  the  small  channels  to 
make  sure  that  the  water  spreads  evenly.  Each  time  the  field  is  irri- 
gated the  small  channels  become  more  fixed,  and  toward  the  end  of 
the  season  but  little  attention  is  required  to  thorough!}'  irrigate  the 
tract. 

The  main  distributary  laterals  in  the  field  should  be  placed  from  5  to  8 
rods  apart,  depending  upon  the  slope  of  the  land  and  the  nature  of  the 
soil,  and  may  be  given  grades  of  from  one-half  inch  to  an  inch  per 
rod.  Each  lateral  should  carry  from  2  to  3  cubic  feet  of  water  per 
second,  as  one  man  can  usually  handle  this  volume  with  ease  after 
getting  his  stream  set. 

Alfalfa  is  irrigated  in  much  the  same  manner  as  that  just  described. 
It  is  usually  sown  with  a  nurse  crop,  either  wheat  or  oats,  which  pro- 
tects the  young  alfalfa  and  is  ready  for  harvest  before  the  alfalfa  gets 
to  such  height  as  to  interfere  with  its  growth. 

Such  crops  as  potatoes,  sugar  beets,  and  other  vegetables  which  are 
grown  in  rows  are  irrigated  by  the  furrow  rriethod.  These  furrows 
are  made  with  ordinary  walking  plows  after  the  crop  has  come  up, 
and  the  water  reaches  the  roots  from  the  furrows.  During  the  early 
period  of  growth  water  is  turned  into  each  furrow.  When  the  crop 
is  approaching  maturity,  or  when  the  water  supply  becomes  short, 
water  is  turned  into  alternate  furrows  only. 
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METHODS  IN  USE  IN  COIiOBADO  AND  WYOMING. 

A  mistake  often  made  by  the  inexperienced  irrigator  when  laying 
out  his  field  laterals  is  in  placing  them  too  far  apart.  In  old-estab- 
lished colonies,  like  Greeley  and  vicinity,  in  irrigating  alfalfa,  oats, 
wheat,  and  other  grains  by  the  flooding  system  the  distance  between 
laterals  varies  from  25  to  30  steps — 75  to  90  feet.  In  the  grain  and 
alfalfa  fields  with  varying  slopes,  in  the  vicinity  of  Greeley,  the  field 
laterals  were  I'arely  found  to  be  under  75  feet  or  over  100  feet  apart. 
Old  irrigators  have  learned  from  experience  how  unwise  it  is  to  attempt 
to  force  a  sheet  of  water  over  an  intervening  space  of  200  or  300  feet, 
especially  where  the  head  of  water  is  small  and  the  slope  of  the  ground 
modemte.  The  essential  thing  in  applying  water  to  crops  by  the 
flooding  S3'stem  is  to  advance  the  sheet  of  water  uniformly  over  the 
area  irrigated  so  that  all  parts  of  that  section  of  the  field  to  wliich 
water  is  being  applied  may  receive,  as  nearly  as  possible,  the  same 
amount  of  water.  Near  Greeley  one  of  the  most  economically  man- 
aged farms,  Jis  far  as  water  is  concerned,  comprising  1(50  acres,  is 
entitled  to  a  head  of  water  consisting  of  two  ditch  rights  and  two 
reservoir  rights.  A  ditch  right,  as  mentioned  here,  entitles  the  pos- 
sessor to  52  Colorado  miner's  inches  for  a  period  extending  from  May 
1  to  August  1.  A  reservoir  right  entitles  the  owner  to  32  Colorado 
miner's  inches  for  a  period  of  ten  days.  Converting  these  figures  into 
cubic  feet  per  second,  from  May  1  to  August  1  the  farm  receives  2.708 
cubic  feet  per  second  from  the  two  ditch  rights  and  for  ten  days  after 
August  1 — not  necessarily  consecutive — the  farm  receives  1.07  cubic 
feet  per  second  from  the  two  reservoir  rights. 

The  main  lateral  on  this  farm  has  a  top  width  of  3  feet,  a  bottom 
width  of  2  feet,  and  side  slopes  of  1  to  1.  The  field  laterals  are  placed 
from  75  to  90  feet  apart  in  the  grain  and  alfalfa  fields.  Canvas  dams  are 
placed  in  the  laterals  so  as  to  back  up  the  water  for  a  distance  of  75 
feet,  when  it  is  allowed  to  flow  either  over  the  lower  bank  or  through 
cuts  made  in  the  bank  at  intervals  of  10  or  15  feet.  The  owner  of  this 
farm,  with  a  head  of  1^  ditch  rights,  2.03  cubic  feet  per  second,  can 
spread  water  over  the  surface  of  his  fields  between  laterals  placed  at 
30  steps  apart  with  ease  and  effectiveness. 

The  furrow  system  of  irrigation  is  practiced  on  this  farm  for  root 
crops,  such  as  sugar  beets  and  potatoes,  which  are  planted  in  long  rows, 
the  beets  about  3  feet  apart  and  the  potatoes  about  5  feet.  The  soil  is 
a  sandy  loam  and  the  slopes  are  such  that  the  irrigator  can  flow  wat4}r 
down  the  furrows  for  a  distance  of  800  feet  from  the  main  lateral. 
The  distance  which  a  stream  of  water  can  be  successfully  run  in  fur- 
rows depends  upon  the  texture  of  the  soil  through  which  they  extend. 
Where  the  soil  is  coarse  and  absorbs  water  quickly  the  distance  for  the 
same  head  of  water  must  be  shoi^ter  than  where  the  texture  of  the  soil 
is  finer  and  absorbs  water  more  slowly.     The  stream  in  the  furrows 
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must  be  made  to  flow  with  a  velocity  sufficient  to  carry  it  to  the  lowest 
extremity  of  the  field  or  the  next  lateral  below,  but  at  the  same  time 
must  not  flow  with  such  swiftness  as  to  cause  scouring  of  the  banks  of 
the  furrow  or  cutting  deep  into  the  furrow.  The  implement  most  gen- 
erally used  for  ditching  potatoes  and  sugar  beets  is  the  wood-beam 
wing-shovel  plow. 

One  of  the  best  examples  of  high-class  irrigation  which  has  been 
observed  is  the  watering  of  a  field  of  potatoes  on  a  hillside.  It  cost 
the  owner  and  irrigator  of  this  piece  of  ground  three  years  of  hard 
labor  and  bitter  experience  to  learn  to  run  his  furrows  between  rows 
in  such  a  wa}^  as  to  prevent  scouring.  At  first  he  attempted  to 
mn  his  furrows  diagonall}-  across  the  hillside,  but  the  grade  was 
too  steep  and  the  water  scoured  the  furrows,  while  his  crop  of 
potatoes  was  a  failure  owing  to  the  lack  of  water  at  the  head  of  his 
rows  and  the  overabundance  at  the  lower  ends.  The  next  year  he  ran 
his  furrows  around  the  hill,  but  they  did  not  conform  to  the  contour 
of  the  ground  sufficiently  to  altogether  prevent  scouring,  and  his  crop 
was  poor.  Finally,  he  has  fitted  the  curve  of  his  furrows  to  the  con- 
tour of  the  hill  in  such  a  way^  as  to  prevent  all  scouring,  and  now  his 
crop  of  iK)tatoes  from  this  hillside  is  as  good  as  any  crop  he  mises  on 
comparatively  level  ground. 

CARK   OF   T.ATERALS. 

Laterals,  like  machinery,  need  more  or  less  constant  attention  when 
in  use.  If  they  are  neglected,  breaks,  leaks,  and  blocking  of  the  chan- 
nel may  o(-cur,  and  probably  at  a  time  when  water  is  most  needed.  A 
heavy  storm  may  cause  the  washing  out  of  a  portion  of  the  lower  bank 
m  the  lateral,  especially  on  a  hillside.  8uch  a  break  must  be  speedily 
repaired.  Unceasing  annoj^ance  and  trouble  in  the  operation  of  lat- 
erals is  cjiused  by  gophers,  or  prairie  squirrels,  which  burrow  holes  on 
hillside  slopes  and  will  burrow  from  the  bed  or  side  of  a  canal  or  lateral 
down  through  the  lower  bank,  coming  to  the  surface  again,  perhaps  10 
or  more  feet  below  their  starting  point.  When  water  is  first  turned  into 
a  canal  in  the  spring  the  water  finds  its  way  through  these  holes.  These 
leaks  ma}'  ])e  hardly  perceptible  at  first,  })ut  very  soon  attain  such  pro- 
portions as  to  endanger  the  lateral  l)anks.  Any  method  used  to  extermi- 
nate pests  like  gophers  and  j>mirie  dogs  is  a  tedious  one.  A  method 
frequently  adopted  is  to  drown  them  out,  but  this  is  not  always  success- 
ful. Before  the  water  is  turned  into  the  canal,  a  ditch  rider  goes  down 
the  line  of  ditch  l)locking  all  the  lower  holes  or  exits  from  the  burrows 
that  ma}*^  be  discovered.  After  the  lower  holes  are  blocked  the  water  is 
turned  into  the  canal,  filling  the  burrows  and  drowning  the  gophers. 
Of  course  many  holes  may  escape  attention,  and  careful  supervision 
of  the  canal  and  its  Imnks  must  be  exercised  whenever  gophers  are 
numerous.     Many  formulas  for  poison  have  l)een  compounded  and 
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successfully  used  for  exterminating  prairie  dogs  and  pocket  gophers. 
The  Kansas  Experiment  Station  has  recently  published  a  valuable  bul- 
letin ^  on  the  subject  of  ' '  Destroying  Prairie  Dogs  and  Pocket  Gophers. " 
Latemls  become  blocked  by  the  caving  of  the  upper  banks  or  the 
trampling  of  loose  stock  or  ])y  the  deposit  of  refuse  from  the  main 
canal,  which  may  collect  in  one  spot  and  form  an  imperfect  dam. 
The  laterals  must  ]>e  kept  clear  of  debris  and  an  uninterrupted  flow 
maintained. 

AN  ESTIMATE  OF  THE  COST  OP  APPLYING  WATER  TO  CROPS. 

The  cost  of  applying  water  to  crops  varies  greatly  according  to  the 
skill  of  the  irrigator,  the  contour  of  the  fields,  and  the  available  head 
of  water.  A  skilled  irrigator  commands  higher  wages  than  a  man  of 
less  experience.  The  land  on  one  farm  may  have  a  sloping  surface 
well  adapted  for  the  application  of  water,  and  on  another  a  rolling, 
broken  surface  over  which  much  tim6  and  labor  must  be  spent  in 
properly  applying  the  water  to  the  crops.  One  farm  may  be  supplied 
with  a  full  head  of  water  suflicicnt  to  enable  the  irrigator  to  spread 
water  over  his  fields  between  laterals  quickly  and  thoroughly,  while 
another  farm  may  have  so  poor  a  head  of  water  that  a  greater  amount 
of  labor  and  more  time  must  be  spent  in  irrigating  the  same  area. 
The  method  used  in  irrigating  different  crops  must  also  be  taken  into 
consideration.  It  takes  much  more  time  for  one  man  to  irrigate  an 
acre  of  potatoes  by  the  furrow  system  than  an  acre  of  wild  or  native 
hay  by  the  flooding  system.  In  the  first  instance  the  potatoes  ma}^  be 
irrigated  by  running  water  through  every  other  furrow,  which  is 
often  done  in  the  first  watering  of  potatoes.  On  the  other  hand,  to 
irrigate  an  acre  of  wild  or  native  hay  may  require  onl}^  the  few  moments 
necessary  to  turn  enough  water  from  a  lateral  to  cover  the  entire  acre. 
It  is  therefore  diflicult  to  state  even  approximately  the  cost  of  applying 
water  to  crops. 

From  information  on  the  subject  derived  from  farmers  in  southern 
and  middle  Wyoming  it  is  inferred  that  one  man  can  irrigate  from  5 
to  10  acres  of  grain  or  alfalfa  in  a  day.  This  estimate  is  qualified  by 
the  preceding  remarks.  An  ordinary  farm  hand  is  paid  %1  per  day 
with  board.  Considering  this  as  equivalent  to  $1.50  a  day,  the  cost 
per  acre  of  applying  water  to  crops  is  from  15  to  30  cents  an  acre. 
The  average  of  a  number  of  estimates  given  l)y  farmers  shows  that 
one  man  can  irrigate  from  1  to  3  acres  of  potatoes  a  day.  At  $1.50 
a  da}^  for  labor  the  cost  would  range  from  50  cents  to  $1.50  per  acre. 
These  figures  indicate  that  the  application  of  water  to  crops  by  the 
furrow  system  costs  more  than  b\"  the  flooding  system. 
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METHODS  IN  TTSE  IN  NEBRASKA. 

Almost  the  total  expense  of  preparing  land  for  irrigation  in  Nebraska 
is  due  to  the  construction  of  the  field  laterals  and  furrows.  In  those 
cases,  including  perhaps  the  majority,  where  the  making  of  the  furrow 
serves  also  as  a  cultivation  the  cost  of  making  them  should  not  be 
charged  wholly  against  the  preparation  of  the  ground  for  irrigation. 

The  distance  apart  of  the  laterals  in  the  field  depends  chiefly  upon 
which  of  the  two  methods  of  irrigation  in  use  in  the  State  is  to 
be  employed.  It  depends  also  to  some  extent  upon  the  chamcter  of 
the  soil  in  respect  to  ita  capacity  for  the  rapid  absorption  of  water, 
and  upon  the  lay  of  the  land.  For  flooding,  the  laterals  are  placed 
from  100  to  300  feet  apart.  The  greater  distance  obtains  on  wild-hay 
land,  and  the  less  in  the  irrigation  of  alfalfa  and  small  grain  growing 
on  soils  which  tiike  the  water  readily.  An  average  distance  apart  of 
laterals  in  cultivated  fields  which  are  to  be  irrigated  by  flooding  is 
125  to  150  feet.  Feeder  laterals  for  furrow  irrigation  are  placed  at 
greater  intervals,  ranging  ordinarily  from  300  to  1,200  feet,  according 
to  the  lay  of  the  ground  and  the  carrying  capacity  of  the  furrows. 
There  is  a  general  tendency  to  build  laterals  closer  together,  as  it  is 
foimd  that  the  water  is  more  easily  and  effectively  handled  in  this  way. 

The  field  laterals  are  very  generally  made  about  1  foot  wide  on  the 
bottom,  1  foot  deep,  and  from  4  to  6  feet  wide  on  top.  The  grade 
of  course  varies  to  some  degree  with  the  lay  of  the  land,  but  a  fall  of 
5  feet  to  the  mile  is  common,  and  is  quite  generally  recognized  as  a 
minimum  below  which  it  is  not  desirable  to  go. 

The  conmion  stirring  plow,  the  lister,  the  wooden  V,  and  the  revers- 
ible blade  machine  are  all  used  for  the  construction  of  laterals  and 
approved  by  experienced  irrigators.  The  blade  machine  is  considered 
better  than  the  V  in  clay  or  rocky  ground.  The  reversible  machine 
requires  about  twice  the  force  of  men  and  horses  to  work  it  that  the 
V  does,  but  when  used  systematically  the  work  can  probably  be  done 
at  somewhat  less  cost  than  with  the  V.  A  superintendent  of  large 
experience  estimates  that  two  men  and  two  teams  with  a  V  can  com- 
plete from  1  to  3  miles  of  field  laterals  per  day,  depending  on  the 
condition  of  the  ground.  For  irrigation  by  flooding  this  would  be 
sufficient  for  the  irrigation  of  from  20  to  60  acres.  Allowing  $6  per 
day  for  men  and  teams,  the  cost  per  acre  would  be  from  10  to  30 
cents. 

For  turning  the  water  out  of  the  field  laterals  all  of  the  better-known 
devices  are  in  use — canvas  dams,  sheet-iron  dams,  and  dirt  checks. 
The  sheet-iron  dam  is  said  to  be  especially  satisfactory  in  fields  where 
digging  is  undesirable,  as  in  fields  of  alfalfa  or  of  small  grain,  since  it 
can  be  set  and  removed  without  the  use  of  the  shovel.  In  flooding, 
the  laterals  are  dammed  and  opened  at  intervals  ordinarily  coming 
within  the  range  of  from  50  to  100  feet.  ^    ^^^  ^  ^OOglc 
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For  furrow  irrigfation  of  general  field  crops  the  furrows  are  usually 
made  with  a  plow  or  lister  when  large  furrows  are  required.  A  disk 
cultivator  makes  a  good  furrow  for  watering  corn  and  potatoes.  When 
the  earth  must  not  be  thrown  against  the  plant,  as  in  the  case  of  beets 
or  vines,  a  smaller  appliance,  known  as  an  irrigation  shovel,  is  attached 
to  the  cultivator  and  makes  a  neat  furrow. 

XBHIGATION  IN  WESTERN  KANSAS. 

In  early  years  a  Mr.  Allman  supplied  the  garrison  at  Fort  Wallace, 
Kans. ,  with  provisions.  This  led  to  an  attempt  to  grow  fruits  and 
vegetables,  for  which  there  was  a  great  demand.  At  the  outset  the 
necessity  for  an  artificial  watering  of  crops  during  the  dry  season  was 
apparent.  In  1877  a  ditch  system  was  constructed  to  supply  the  land, 
and  it  has  been  in  continual  use  since  that  time.  The  main  supply 
ditch  takes  its  water  from  the  Smoky  Hill  River,  which  flows  through 
the  northern  part  of  the  ranch. 

The  most  commendable  feature  about  the  distributing  system  is  the 
manner  in  which  the  laterals  sei've  the  land  lying  immediately  below 
them  and  drain  that  above.  In  this  the  natuml  slope  of  the  land  favors 
the  irrigator.  An  ordinary  plow  with  a  depth  of  cut  of  about  10 
inches  and  a  width  of  al)out  16  inches  was  used  in  the  construction  of 
the  laterals.  This  was  run  twice  over  the  line  of  the  ditch  so  as  to 
make  a  dead  furrow.  Where  the  line  of  the  laterals  could  not  be 
easily  changed  to  avoid  a  low  place  or  hollow,  tlie  surface  soil  for  sev- 
eral feet  on  either  side  of  the  lateral  was  scraped  with  a  board  scraper 
and  a  fill  made.  At  first  considcra])le  trouble  was  experienced  with 
these  tills  and  close  attention  was  recjuired  to  prevent  breaks.  Breaks 
that  occurred  were  found  to  be  most  easily  mended  b}'  the  use  of  straw 
or  manure  with  the  earth. 

Crops  are  grown  on  those  fields  suited  >)oth  to  the  reciuirements  of 
the  plant  and  the  eitonomical  distribution  of  water.  Barley,  rye,  oats, 
and  other  small  grains  are  grown  on  the  higher  ground.  They  mature 
early  in  the  season  and  need  to  be  irrigated  only  at  a  time  when  wat«r 
is  plentiful.  Some  of  the  water  used  on  the  crops  on  the  higher  lev- 
els sinks  into  the  ground  and  reaching  the  lower  levels  helps  to  keep 
them  moist.  Alfalfa  is  grown  on  the  next  lower  levels,  while  the 
lowest  patches  are  devoted  to  fruits  and  vegetjibles. 

All  grains  and  grasses  are  irrigated  by  flooding,  while  the  orchard 
and  garden  are  furrow  irrigated.  Root  crops,  such  as  beets,  carrots, 
and  parsnips  are  sowed  in  rows  18  inches  apart.  The  furrows  are 
made  very  shallow,  but  the  land  used  hius  sufficient  fall  (10  inches  in 
100  feet)  to  be  irrigated  evenly  throughout  the  length  of  the  furrows. 
One  break  in  the  lateral  serves  to  supply  several  furrows.  Where  the 
length  is  between  200  and  300  feet,  the  water  is  allowed  to  run  down 
each  furrow  for  about  two  hours.     The  quantity  allowed  depends 
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largely  upon  the  distance  between  the  furrows.  In  the  garden  the 
water  is  run  down  each  space  between  the  rows  except  on  potatoes  and 
tomatoes.  In  the  first  irrigation  of  potatoes  the  water  is  turned  into 
every  furrow  to  insure  an  even  setting,  but  in  later  waterings  only 
into  alternate  furrows.  Usually  1  miner's  inch  of  water  is  found  suffi- 
cient for  garden  furrows  18  inches  apart,  while  as  much  as  3  or  even  5 
miner's  inches  are  required  for  furrows  30  or  36  inches  apart.  Early 
in  the  season  when  corn  is  still  small,  furrows  used  to  irrigate  this 
crop  are  made  close  to  the  rows,  say  within  8  inches  of  them.  In  this 
way  the  water  is  certain  to  reach  the  small  rootlets  of  the  young  plants 
and  a  less  amount  of  water  is  needed.  The  four-shovel  cultivator  is 
used  in  making  theise  furrows.  The  shovels  are  set  in  pairs  and  one 
furrow  is  made  with  each  pair.  But  one  furrow  is  made  for  each  row 
and  the  f uitows  that  irrigate  any  two  rows  are  made  between  those 
rows.  This  makes  two  furrows  between  alternate  pairs  of  rows. 
During  later  irrigations  the  furrows  are  made  so  as  to  irrigate  two 
rows  each,  and  are  run  in  the  intervening  spaces  where  no  furrows 
were  made  before. 

In  the  orchards  the  furrows  are  made  about  3  feet  apart  and  are  at 
least  4:  feet  from  the  trees.  The  cultivator  used  in  making  these  fur- 
rows has  five  shovels.  One  large  shovel  in  the  center  makes  the 
furrow,  the  two  smaller  ones  on  each  side  cultivate  the  ground.  This 
implement  is  run  over  the  ground  as  soon  after  an  irrigation  as  ix)ssi- 
ble  and  prepares  the  land  for  the  next  irrigation  while  cultivating  the 
ground.  The  ground  is  always  cultivati>d  with  this  implement  after  a 
i-ainfall  between  two  irrigations. 

In  plowing  fields  that  are  to  be  irrigated  cross  plowing  is  bcttt^r 
than  two  plowings  in  the  same  direction,  as  then  there  is  no  danger  of 
making  dead  furrows.  However,  ideal  conditions  can  not  be  secured 
the  first  season  a  field  is  irrigated.  Low  places  will  appear  where  all 
was  thought  to  be  level  and  the  water  will  wash  from  one  furrow  to 
another.  This  is  especially  true  if  the  furrows  ai'e  very  long.  When 
such  low  places  are  found  they  should  be  marked,  so  that  they  can  ))e 
filled  before  the  next  season. 

On  account  of  the  many  difficulties  met  with,  about  1  cubic  foot  of 
water  per  second  is  all  one  man  can  tjike  care  of  the  first  season. 
Later,  one  man  can  manage  double  this  amount. 

Mr.  AUman's  experience  has  shown  him  thatthe  time  to  irrigjite  dif- 
ferent crops  varies  greatly,  as  does  also  the  depth  of  water  to  be 
applied.  Cabbage  and  like  plants  do  well  with  a  shallow  irrigation 
about  every  ten  days  or  two  weeks.  Potatoes  given  a  shallow  irriga- 
tion about  setting  time  set  well.  Too  deep  an  irrigation  at  this  time 
causes  the  plants  to  make  too  vigorous  a  leaf  growth  and  set  too  many 
potatoes.  No  crop  should  be  irrigated  when  in  full  flower,  though  a 
shallow  irrigation  when  buds  are  opening  insures  an  abundance  of  per- 
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feet  blooms.  Corn  does  best  when  the  land  has  received  from  5  to  8 
inches  of  water  just  before  seeding.  Given  a  like  irrigation  when 
about  10  inches  high  and  again  when  beginning  to  tassel  there  is  usu- 
ally no  need  for  further  watering.  When  the  season  is  particularly 
dry  it  is  sometimes  necessary  to  give  another,  but  shallower  irrigation 
after  the  kernels  have  begun  to  fill.  Fruits  irrigated  a  few  days  before 
they  are  picked  are  generally  fresher  looking  than  those  not  irrigated 
at  this  time.  Mr.  Allman  irrigated  small  garden  truck  about  every 
week.     An  inch  or  two  of  water  is  usually  applied  at  each  watering. 

AN   EXAMPLE   OF   HILLSIDE   lUKIGATlON. 

On  the  fanu  of  J.  A.  Jones,  of  Scott  County,  is  a  fully  developed 
system  of  hillside  irrigation.  The  water  is  obtained  from  springs. 
A  line  of  drain  tile  intercepts  the  water  from  hillside  springs.  At 
various  points  along  the  line  are  openings  from  which  the  water 
flows  down  zigzag  furrows  between  the  trees  and  garden  truck.  The 
surplus  water  is  collected  in  a  pond  used  for  fish  mising  and  ice  making. 

A   SERVICEABLE    FLLTtfE. 

Mr.  Warner,  also  of  Scott  County,  luus  installed  a  system  of  flumes 
on  his  place  through  which  to  convey  spring  water  to  his  fields.     The 

largest  flume  is  about 
12  inches  across. 
The  >)ottom  is  nuide 
of  1.5  b}^  12  inch  lum- 
ber and  the  sides  of  1 
by  8  inch  lumber. 
Clear  -  gmined  lum- 
ber free  from  knots 
is    chosen    for    this 

Flu.  33.— Wooden  flume  iwed  by  Mr.  Warner,  Scott  County,  Kaus,        p  U  r  p  O  S  C  .       To    add 

strength  to  the  flume 
yokes  of  1  by  3  inch  material  are  placed  every  10  feet  or  so,  and  in 
such  a  way  as  to  have  one  not  more  than  2  feet  from  the  end  of  each 
board.  Another  way  of  arranging  the  yokes  is  to  make  them  of  1  by 
6  inch  material  so  that  they  are  wide  enough  to  cover  the  boai-d  joints. 
The  strongest  form  of  brace  used  was  one  having  dovetiiiled  joinbs. 
Where  the^e  were  used  the  tail  on  one  of  tlie  joints  on  the  lower  mem- 
ber was  cut  deeper  than  the  upper  and  wedges  were  driven  into  the 
joints,  as  shown  in  figure  33.     In  this  way  the  joint  is  kept  very  tight. 


BOTTOM  kJOINT 


COMPARISON  OF  METHODS. 


The  new  settler  on  an  irrigated  farm  is  often  puzzled  to  know  which 
method  to  adopt.  As  an  aid  to  those  who  are  unfamiliar  with  practical 
irrigation  an  attempt  has  been  made  In  the  following  paragraphs  to 
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compare  the  four  leading  methods  of  applying  water.  In  doing  so  it  is 
intended  to  state  the  most  favoi^able  conditions  for  each,  as  well  as  the 
chief  advantages  and  disadvantages.  To  these  is  added  a  summary  of 
cost.  Owing  to  extreme  conditions  of  soils,  land  surfaces,  crops,  and 
water  supply,  it  is  impossible  to  give  exact  statements  of  the  cost  of 
preparing  land  and  applying  water,  and,  therefore,  two  sets  of  figures 
are  given,  one  showing  an  average  minimum  cost  and  the  other  an 
average  maximum  cost.  When  conditions  are  favorable  the  cost  will 
approach  the  lower  estimate.  On  the  other  hand,  when  the  land  is 
uneven,  the  water  supply  scantj^,  or  permanent  structures  are  intro- 
duced, the  cost  may  be  increased  to  the  higher  limit.  To  insure  a  just 
basis  for  comparison  the  wages  of  one  man  working  ten  hours,  includ- 
ing Jjoard  and  implements,  was  taken  at  $2.50,  and  a  man  and  team 
for  the  'same  time  $3.50.  The  estimate  of  cost  also  includes  three 
irrigations  for  the  season. 

THE  CHECK  METHOD. 

A  light,  sandy  soil  on  a  comparatively  level  slope  of  from  8  to  15 
feet  to  the  mile  is  usually  looked  upon  as  best  suited  to  the  formation 
of  checks.  The  same  method  may  be  used  on  heavy  clay  loams  pro- 
viding the  surface  layer  will  not  bake  after  being  flooded.  One  reason 
why  checks  are  so  commonly  used  on  light  porous  soils  is  that  in  no 
other  way  can  such  soils  be  wet  uniformly  with  so  little  difficulty. 

A  field  having  a  steep  slope  should  not  be  checked,  since  it  would 
be  necessary  to  make  the  levees  so  high  and  steep  and  so  close  together 
as  to  render  all  fanning  operations  difficult,  and  withdraw  a  large 
part  of  the  field  from  crop  production.  Some  other  plan  of  wetting 
the  soil  should  be  used.  It  is  in  this  connection  that  serious  mistakes 
are  made.  In  an  immense  valley  like  the  San  Joaquin  in  California, 
containing  millions  of  acres  of  arable  land,  all  kinds  of  soils  and  all 
degrees  of  slopes  are  to  be  found.  Yet,  in  the  face  of  these  physical 
difl'erences,  whole  communities  are  clinging  to  one  method.  Such 
farmers  are  like  cobblers  who  attempt  to  make  all  shoes  on  one  la.st. 
There  are  great  differences  in  slope  and  textures  on  the  senne  farm. 

Th(*.  crops  usually  irrigated  in  checks  are  alfalfa,  grains,  grapcnines, 
and  sugar  beets.  AVhen  sugar  beets  are  watered  by  this  method  the 
land  is  checked  for  winter  irrigation  only,  the  water  being  applied 
before  the  crop  is  sown  and  not  afterwards. 

As  has  been  stated  elsewhere,  a  large  volume  of  water  is  required 
to  irrigate  land  that  is  checked.  Fanners  who  can  not  obtain  a  head 
of  several  cubic  feet  per  second,  or,  say,  150  miner's  inches,  should  not 
adopt  this  system.  It  is,  of  course,  possible  to  irrigate  small  checks 
on  retentive  soil  with  a  stream  of  75  miner's  inches,  ))ut  the  cheek 
method  as  ordinarily  practiced  requires  a  head  of  from  5  to  10  cul)ic 
feet  per  second. 
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ADVANTAGES. 

(1)  One  irrigator  can  attend  to  a  large  volume  of  water,  and  can 
irrigate  from  7  to  15  acres  in  ten  hours,  making  the  cost  of  appl3'ing 
the  water  less  than  by  any  other  method. 

(2)  Certain  soils  can  not  be  successfully  irrigated  ])y  any  other 
method. 

(3)  It  ivs  well  adapted  to  forage  crops  on  dat  slopes. 

(4)  The  cost  of  preparing  the  land  for  irrigation  is  small  after  the 
first  year. 

(5)  The  amount  applied  can  be  more  readily  gauged. 

DISADVANTAGES. 

(1)  Much  of  the  surface  soil  is  removed  to  form  the  levees. 

(2)  The  yield  is  decreased  where  the  top  soil  has  been  removed, 
except  in  deep  alluvial  soil. 

(3)  Mowers,  reapers,  and  other  implements  are  frequently  damaged 
by  high  levees. 

(4)  It  is  not  well  adapted  to  rotation  of  crops. 

(5)  The  method  must  be  limited  to  particular  crops  and  to  flat  slopes. 

(6)  It  costs  for  the  first  year  from  $7  to  $20  per  acre  to  prepare  the 
land. 

(7)  Drainage  for  surplus  water  must  be  provided. 

(8)  Some  soils  bake  after  being  flooded. 

^Summary  of  cost  of  check  method  for  a  period  of  five  years. 
Period.  I  Requirements. 


Averagre 

Average 

minimum 

maximum 

cost  per 

cost  per 

acre. 

acre. 

First  year Building  checks  and  laterals 

Irrigating  three  times 

Second  year |  Repairing  laterals  and  irrigating  . 

Third  year do 

Fourth  year do 

Fifth  year do 


Average  yearly  cost . 


$8.00 

$16.00 

.50  , 

1.50 

.75 

1.75 

.75 

1.75 

.75 

1.75 

.75 

1.75 

•2.30 

4.90 

FLOODING  FKOM  FIEIiB  DITCHES. 

A  reasonabh'  close  estimate  of  the  area  irrigated  west  of  the  Mis- 
sissippi Kiver  during  the  past  season  would  be  9,000,000  acres.  Of 
this  area  it  is  safe  to  assert  that  three-fifths,  or  5,400,000  acres,  was 
irrigated  by  some  one  of  the  many  ways  of  flooding  from  field  ditches. 
The  orchardists  of  the  Pacific  coast  contend  that  the  methods  employed 
by  the  irrigators  of  the  mountain  States  are  only  temporary  expedients 
of  settlers  in  a  new  countr}^,  and  that  as  the  size  of  the  farms  is  reduced 
and  the  water  supply-  becomes  less  plentiful  and  of  higher  value  a 
desire  will  be  manifested  for  better  methods.     On  the  other  hand,  the 
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people  of  Utah,  Colomdo,  and  bordering  States  believe  that  the}'  have 
learned  a  few  things  in  the  past  fifty  }■  ears  about  the  handling  of  water, 
and  that  the  methods  which  they  have  adopted  after  long-continued 
and  costly  experience  are  the  best  suited  to  their  needs. 

In  view  of  the  wide  diversity  of  opinions,  conditions,  and  customs 
it  is  extremely  difficult  to  advise  the  new  settler  when  to  adopt  the 
flooding  method.  It  may  be  stated  in  a  general  way  that  this  method 
is  well  adapted  to  the  irrigation  of  all  kinds  of  grains  and  grasses.  It 
is  likewise  true  that  the  average  heads  of  water  varying  from  50  to  150 
miner's  inches  can  be  most  conveniently  used.  The  expense  incurred 
in  preparing  the  land  to  receive  water  is  also  small  in  comparison  with 
some  other  methods.  In  view  of  the  foregoing  facts  and  others  that 
will  arise  in  the  mind  of  the  reader,  it  would  be  advisable  for  the  new 
settler  who  is  unfamiliar  with  practical  irrigation  to  use  the  flooding 
system  under  the  following  circumstances:  When  the  land  to  be  irri- 
gated is  reasonably  cheap  and  abundant;  when  the  water  supply  for 
the  farm  is  delivered  either  continuously  throughout  the  irrigation 
period  or  in  comparatively  small  heads  for  given  periods  of  time; 
when  the  members  of  the  family  can  do  the  irrigating  with  little  help 
from  hired  laborers;  when  cereals  or  forage  crops  are  to  be  raised; 
and  when  money  is  hard  to  obtain  for  improving  irrigation  methods. 

\ 

ADVANTAGES. 

(1)  In  first  cost  it  is  one  of  the  cheapest  methods. 

(2)  It  is  well  adapted  to  the  most  common  crops. 

(3)  Apart  from  grading,  the  top  soil  is  not  disturbed. 

(4)  The  small  field  ditches  do  not  seriously  interfere  with  farming 
operations. 

(5)  It  readily  adapts  itself  to  the  delivery  of  water  in  continuous 
streams. 

(6)  Enormous  yields  have  been  obtained  from  this  method. 

I)ISADVAXTA(}ES. 

(1)  The  labor  required  to  handle  the  water  is  both  fatiguing  and 
excessive. 

(2)  One  man  will  not  thoroughly  irrigate  on  an  average  more  than 
3  acres  in  ten  hours. 

(3)  It  is  difficult  to  control  the  irrigation  stream  after  dark. 

(4)  In  all  grain  crops  the  field  ditches  have  to  l)e  renewed  each 
spring. 

(5)  It  is  difficult  to  distribute  the  water  evenU'  over  the  surface. 

(6)  The  yield  is  not  uniform  when  the  water  is  unevenly  distributed. 
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Summary  of  cost  offloading  method  for  a  period  of  fire  years. 


Period. 


Requirements. 


First  year Grading  the  surface  and  building  field  ditches. 

Irrigating  three  times 

Second  year I  Repairing  or  making  ditches  and  irrigating . . . 

Third  year. do 

Fourth  vear do 

Fifth  year do : 


Average 

minimum 

cost  per 

acre. 


Average 

maximum 

cost  per 

acre. 


Average  yearly  cost . 


1 

$2.00 

85.00 

1.00 

2.75 

1.20 

8.00 

1.20 

8.00 

1.20 

8.00 

1.20 

3.00 

1.56 

3.95 

FTTBBOW  OtBIGATION. 

Fields  and  orchards  are  irrigated  b}^  furrows  in  many  different  ways. 
Usages  that  are  suited  to  one  localit}^  may  not  be  to  another.  There- 
fore any  recommendations  to  apply  this  system  to  particular  crops  can 
be  made  only  in  general  terms.  With  this  in  mind  one  may  state  that 
furrow  irrigation  is  the  best  for  the  large  majority  of  all  orchards  and 
for  all  root  crops  and  vegetables.  It  may  also  be  adopted  not  only 
for  the  crops  named,  but  for  grain  and  forage  crops  when  the  avail- 
able supply  of  water  is  small.  The  weak  feature  of  this  method,  as 
now  practiced,  is  the  connection  between  the  head  of  the  furrow  and 
the  earthen  ditch.  The  use  of  short  tubes,  or  some  other  equally  serv- 
iceable device,  to  divide  the  flow  of  the  ditch  equally  among  the  fur- 
rows is  strongly  recommended.  Were  this  custom  made  more  general, 
it  would  greatly  extend  the  area  watered  by  furrows. 

ADVANTAGES. 

(1)  The  loss  of  water  due  to  evaporation  and  seepage  is  small. 

(2)  Alkali  is  less  liable  to  rise. 

(3)  A  small  head  can  be  conveniently  and  advantageously  used. 

(4)  There  is  little  displacement  of  the  top  soil. 

(5)  The  soil  is  moistened  chiefly  from  beneath  the  surface  by  capil- 
larit^^ 

(6)  The  surface  soil  after  being  watered  is  not  baked,  nor  hard  to 
cultivate. 

(7)  With  proper  appliances  the  water  requires  little  attention. 

DISADVANTAGES. 

(1)  Large  volumes  of  water  can  not  be  rapidlj^  applied  to  a  field. 

(2)  As  commonly  practiced,  the  flow  in  the  furrows  is  unequal. 

(8)  It  is  difficult  to  distribute  the  water  uniformly  on  porous  soils. 
(4)  The  upi^er  and   lower  ends   of   a   tmct  seldom   receive   equal 

amounts  of  water. 
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Suminai'i/  of  cost  of/urroir  method  for  a  jreriod  of  five  years. 


Period. 


Average 

i>...y^ii4.»w.An«e  minimum 

Requirements.  |    ^^t  per 

I      acre. 


Average 

maximum 

cost  per 

acre. 


Firstyear Making  head  ditches  and  farrows 81.00  SIO.OO 

Irrigating  three  times 1.50  ,  2.25 

Second  vear Making  furrows  and  irrigating 2. 00  2. 75 

Third  vear do 2. 00  2. 75 

Fourth  vear do 2. 00  '  2. 75 

Fifth  year ' do 2.00  ,  2.75 

Average  yearly  cost . . . ' 2. 10  . .  4. 65 


THE  BASIN  METHOD. 

This  method  is  confined  for  the  most  part  to  orchard  irrigation. 
Its  use,  however,  even  for  this  purpose,  seems  to  be  decreasing  rather 
than  increasing.  Many  owners  of  deciduous  fruit  orchards  have  of 
late  changed  their  mode  of  irrigating  from  the  basin  to  the  furrow 
system.  Nevertheless,  the  basin  system  is  likely  to  continue  to  be 
popular  and  prevalent  wherever  favorable  conditions  exist.  The  con- 
ditions which  are  best  adapted  to  this  method  are  suitable  crops,  such 
as  fruit  trees,  a  plentiful  supply  of  water  during  the  time  of  irrigating, 
and  a  light,  porous  soil,  or  else  a  soil  which  can  not  be  properly 
moistened  by  furrows.  In  the  warmer  portions  of  California,  Ari- 
zona, New  Mexico,  and  Texas  the  winter  irrigation  of  crops,  par- 
ticularly orchards,  is  becoming  a  fixed  practice  and  is  attended  by 
beneficial  results.  As  a  general  rule,  the  wat«r  supply  in  the  places 
named  is  then  abundant,  and  large  quantities  may  be  applied  to  the 
soil  in  a  brief  time  by  the  basin  method. 

ADVANTAGES. 

(1)  It  permits  the  use  of  a  large  head  of  water  on  small  tracts. 

(2)  The  time  required  for  applying  water  is  much  reduced. 

(3)  It  is  well  adapted  to  light,  porous  soils. 

(4)  It  is  applicable  to  tracts  containing  soils  of  widely  diifei-ent 
texture. 

(5)  Flood  waters  may  be  utilized. 

DISADVANTAGES. 

(1)  Heav}'  soils  are  apt  to  bake  after  being  flooded. 

(2)  It  necessitates  considerable  shifting  of  soil  for  each  irrigation. 

(3)  There  is  considerable  loss  from  evaporation. 

(4)  It  tends  to  form  a  hardpan  beneath  the  cultivated  layer. 

(5)  It  may  bring  the  roots  of  trees  near  the  surface. 

(f))  The  water  may  chill  the  trees  in  winter  or  scald  them  in  summer. 

The  average  minimum  cost  per  acre  of  the  basin  method  for  a  period 

of  five  years  is  $3  and  the  average  maximum  cost  §(5.     In  connection 
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with  these  figures  the  reader  should  bear  in  mind  that  the  greater  cost 
of  building  checks,  grading  the  surface,  or  constructing  head  flumes  is 
frequently  followed  by  the  smaller  cost  of  applying  water.  Lands, 
for  example,  which  cost  $16  per  acre  to  check,  or  $5  per  acre  to  grade, 
or  $10  per  acre  for  head  flumes,  may  be,  and  usually  are,  watered  quite 
cheaply. 

The  following  table  brings  together  the  estimates  given  above  for 
purposes  of  comparison: 

Avera/fe  annual  cost  of  apphjhuj  water  by  different  methods  for  five-year  period. 

Average       Average 
minimum   maximum 
cost  per        cost  per 
'      acre.      '      acre. 


Check  method 

Flooding  method  . 
Furrow  method... 
Basin  method 


$2.30  $4.90 

1.56  3.95 

2.10  4.65 

3.00  6.00 
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HOW  TO  BUILD  SMALL  IRRIGATION  DITCHES. 


INTEOBUCTION. 

SerionB  obstadeB  to  be  overcome. — When  a  farmer  enters  a  new  coun- 
try where  irrigation  is  necessary  he  must  determine  (1)  how  he  may 
best  deliver  water  to  his  land,  and  (2)  what  crops  are  adapted  to  the 
soil  and  for  local  uses.  Everything  with  him  is  tentative.  Unless  he 
is  fortified  by  an  income  outside  of  that  obtained  from  his  farm,  the 
first  few  years  he  has  a  struggle  for  existence.  That  the  pioneer  is 
often  overcome  in  this  unequal  fight  is  evidenced  by  many  deserted  , 
homes  and  unfinished  irrigation  works.  Owing  to  his  inexperience  in 
irrigation,  he  miay  lose  his  crops  by  not  using  the  proper  volume  of 
water  or  by  using  it  at  the  wrong  time.  One  failure  often  means  the 
abandonment  of  everything  and  a  retreat  to  a  region  where  conditions 
seem  more  favorable.  In  a  new  country  where  the  rainfall  is  ample 
for  the  growth  of  crops  serious  obstacles  must  be  overcome  before 
returns  are  received  for  the  labor  expended.  If,  in  addition  to  these 
difficulties,  water  must  be  brought  to  the  land  for  irrigation  and  domes- 
tit  purposes,  the  problems  become  much  more  complicated,  and  cor- 
respondingly greater  credit  is  due  when  success  rewards  the  attempt. 

To  the  Eastern  farmer,  whose  cultivated  lands  are  rolling  and 
broken,  the  problem  of  spreading  water  over  the  surface  of  the  ground 
from  ditches  has  some  serious  phases.  Often  the  stream  passing  his 
farm  is  bordered  by  steep  bluffs,  and  its  fall  seldom  exceeds  3  or  4  feet 
per  mile.  In  his  judgment  the  cost  of  raising  water  from  such  a 
so.urce  in  sufficient  quantities  for  irrigation  would  not  be  justified  by 
the  slight  increase  in  yields  or  the  saving  of  an  occasional  crop. 

The  Western  irrigator  would  arrive  at  the  same  conclusion  if  he  had 
to  deal  with  similar  conditions.  His  agricultural  land  is  nearly  always 
smooth,  and  usually  has  a  gentle  slope  with  and  toward  some  natui*al 
drainage  channel,  and  would  bear  no  crops  without  irrigation.  The 
stream  from  which  he  proposes  to  draw  his  supply  of  water  has  a  large 
fall,  so  that  a  ditch  taken  from  it  with  a  moderate  grade  can  recede 
rapidly,  and  hence  cover  a  large  area  in  a  short  distance.     A  combi- 
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nation  of  these  features  makes  it  possible  for  individuals  to  construct- 
irrigation  works  on  the  smaller  streams.     This  paper  will  deal  with, 
the  kind  of  ditch  a  settler  of  limited  means  could  build  in  a  region  of 
abundant  water  supply. 

SMALL  BITCHES  WITH  VABTING  GEADES  AHB  GROSS-SECTIONAL 

ABEAS. 

The  pioneer  irrigator  knew  but  little  regarding  the  measurement  of 
water,  the  carrying  capacity  of  ditches,  or  the  volume  demanded  by 
various  crops.  The  experience  of  the  first  few  years  often  convinced 
him  that  his  ditch  was  too  small,  and  he  was  compelled  to  enlarge  it  to 
provide  an  ample  supply  of  water.  The  volume  one  man  could  handle 
he  called  an  *' irrigating  head."  This  was  his  first  unit  of  measure- 
ment, and  his  ditch  carried  one,  two,  or  three  irrigating  heads,  accord- 
ing to  his  estimate.  Crude  measurements  were  afterwards  adopted  to 
aid  his  judgment.  He  found  it  comparatively  easy  to  measure  the 
cross-sectional  area  of  a  stream.  His  first  gaugings  were  made  in  this 
manner,  usually  disregarding  the  velocity  of  the  current.  Experience 
in  building  ditches  taught  him  in  a  few  years  how  to  adjust  the  size 
and  grade  of  his  ditch  so  as  to  furnish  an  adequate  supply  of  water  for 
the  area  to  be  irrigated.  Some  of  the  following  considerations  have 
been  suggested  by  his  experience. 

Proper  grade  of  ditch. — Many  things  affect  the  ease  with  which  ditches 
can  be  built  and  water  distributed  from  them.  The  length  of  ditch 
necessary  to  cover  any  piece  of  land  depends  on  its  fall  compared  with 
that  of  the  stream  and  upon  the  elevation  of  the  land  to  be  irrigated. 
The  smaller  the  grade  of  the  ditch  and  the  greater  the  fall  of  the  stream, 
other  things  being  equal,  the  shorter  the  ditch.  However,  the  grade 
of  the  ditch  should  not  be  too  light;  otherwise  its  section  must  be 
greatly  increased  to  deliver  the  desired  volume  of  water.  The  grade 
must  not  be  excessive  or  the  increased  velocity  of  the  current  will 
result  in  the  erosion  of  the  ditch  banks.  Therefore  the  range  of  grade 
which  a  ditch  may  have  is  limited,  and. its  length  largely  depends  on 
the  fall  of  the  stream. 

On  the  quality  of  the  soil  through  which  the  ditch  must  be  con- 
structed depend  the  permanency  of  its  channel,  the  rate  of  velocity  at 
which  water  can  safely  be  carried,  the  cost  of  first  construction,  and 
the  economic  value  of  the  ditch  as  a  water  carrier.  As  cheapness  is  a 
rec^uisite  for  the  construction  of  the  class  of  ditches  to  be  dealt  with  in 
this  paper,  rockwork  or  expensive  flumes  and  other  structures  will  not 
be  considered. 

BifflcoltieB  to  be  met  and  overcome. — In  order  to  more  clearly  show 
the  difficulties  to  be  met  and  overcome,  a  practical  case  will  be  con- 
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sidered.  Assume  that  it  is  desired  to  irrigate  an  area  of  40  acres  lying 
near  a  creek  furnishing  a  sufficient  supply  of  water;  assume,  also,  that 
the  creek  has  a  fall  of  20  feet  per  mile,  and  that  the  highest  point  of 
the  land  to  be  irrigated  is  15  feet  above  the  bottom  of  the  creek  at  the 
nearest' point.  It  will  be  seen  that  a  point  on  the  creek  three-quarters 
of  a  mile  above  is  on  the  same  level  with  the  highest  point  of  the  40 
acres.  It  is  evident  that  the  head  gate  of  the  ditch  must  be  above  this 
point  if  we  expect  the  water  of  the  creek  to  flow  to  the  farm,  unless  a 
dam  be  built  in  the  creek  to  raise  the  water  higher  than  its  usual  level. 

CompariBon  of  possible  lines  upon  which  a  ditch  might  be  built. — It 
may  be  interesting  as  well  as  profitable  to  compare  a  few  of  the  pos- 
sible lines  upon  which  the  ditch  might  be  built.  That  water  tends  to 
seek  its  own  level  is  a  principle  that  needs  no  demonstration,  and  it 
might  be  supposed  that  the  least  grade  would  cause  the  water  to  flo^V^ 
through  the  ditch.  While  this  is  true,  it  does  not  entirely  answer  the 
purpose,  for  the  ditch  must  not  onh'^  be  one  in  which  water  will  flow, 
but  it  must  allow  the  water  to  run  fast  enough  to  deliver  at  the  place 
where  used  a  definite  volume  in  a  given  time. 

The  accompan}*ing  diagram  (fig.  1)  shows  the  relation  between  the 
grades  of  the  ditches  and  the  fall  of  the  stream.  *  The  line  OS  repre- 


O  1  2  3 

Fio.  1.— Diagram  showing  lengths  of  ditches  with  diflferciit  j,'rudes. 


sents  a  level  line  through  the  bottom  of  the  creek  at  the  farm  and 
running  upstream  from  the  farm.  A  16  is  a  level  line  through  the 
highest  point  of  the  farm.  The  line  0  /f  is  the  grade  of  the  stream,  20 
feet  per  mile.  The  numbers  0^  i,  ^,  and  3  at  the  bottom  of  the  dia- 
gram indicate  miles  upstream  from  the  farm,  and  the  numbers  15^  20^ 
30j  Ifi^  and  60^  at  the  right,  show  elevation,  in  feet,  above  the  bottom 
of  the  creek  at  the  farm.  A  B^  A  C\  A  />,  and  A  /fare  the  lines  of 
ditches  built  on  grades  of  one-half,  5, 10,  and  15  feet  per  mile,  respec- 
tively. The  distances  from  the  point  0  to  the  perpendiculars  dropped 
from  the  points  B^  C\  i>,  and  E  measure  the  approximate  lengths  of 
the  ditches  built  on  the  corresponding  grades.     As  above  stated,  the 
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grade  of  the  stream  is  20  feet  per  mile.  If  the  grade  of  the  ditch  is 
15  feet  per  mile,  the  two  lines  would  approach  each  other  at  the  rate^ 
of  5  feet  per  mile,  and  would  come  together  at  the  points,  3  miles 
above  the  farm.  Following  the  line  E  S  to  the  base  of  the  diagram, 
it  is  seen  that  the  length  of  the  ditch  is  3  miles.  If  the  minimum 
grade  is  taken  at  one-half  foot  per  mile,  the  length  is  about  three- 
quarters  of  a  mile.  The  corresponding  lengths  of  the  ditches  having 
grades  of  6  and  10  feet  per  mile  are  1  and  li  miles,  respectively. 

To  illustrate  how  the  length  of  the  ditch  depends  upon  the  fall  of 
the  stream,  let  the  line  0  SO  represent  the  grade  line  of  a  stream  hav- 
ing a  fall  of  10  feet  per  mile.  A  C  produced  to  SO  shows  that  a  ditch 
having  a  fall  of  5  feet  per  mile  is  3  miles  long. 

The  following  table  gives  dimensions  of  a  number  of  small  ditches, 
with  the  corresponding  velocities  and  discharges  for  diflFerent  grades; 
also  the  volume  of  material,  in  cubic  yards,  to  be  removed  per  mile: 

Velocities  and  discharges  of  ditches  nnth  different  grades. 


Dimensions  of  di.eh.        j  ««„'^«J^^,'^l5-e, 


width. 

Bot- 
tom 
width. 

Depth 

FM. 

FeH. 

Fed. 

1.5 

1 

0.5 

8.0 

2 

1.0 

4.5 

8 

1.5 

6.0 

4 

2.0 

7.25 

5 

2.25 

8.5 

6 

2.50 

9.75 

7 

2.75 

11.0 

8 

3.0 

12.25 

9 

3.25 

13.50 

10 

3.5 

S<2.Jt. 

0.625 

2.5 

6.625 
10 

13.78 
18. 12 
23.03 
28.50 
34.53 
41. 12 


Feet 
per  8CC. 

0.18 

.35 

.46 

.50 
.67 
.74 

.81 
.i« 
.93 
1.00 


Dis- 
charge. 


Cu.Jl. 
per  sec. 

0.10 

.86 

2.56 

5.00 

9.23 

13.40 

18.66 

25.08 

32.13 

41.12 


Grade  of  ditch.      Grade  of  ditch, 
1  foot  per  mile.      2  feet  per  mile. 


Veloc- 
ity. 

Dis- 
charge. 

Feet 
per  sec. 

CtLjt. 

per  sec. 

0.34 

0.21 

.48 

1.21 

.67 

3.77 

.85 

8.50 

.96 

13.23 

1.06 

19.20 

1.16 

26.48 

1.26 

35.91 

1.34 

46.27 

1.44 

59.21 

Veloc-  '      Dis- 
ity.    I  charge. 


FM 
per  sec. 

0.50 

.72 

1.00 

1.24 

1.38 

1.52 

1.60 

1.78 

1.93 

2.04 


Cu./l. 
per  sec. 

0.31 

1.81 

5.60 

12,40 

19.02 

27.54 

88.23 

50.73 

66.64 

83.88 


Grade  of  ditch, 
3  feet  per  mile. 


Veloc- 
ity. 


Feel 
per  sec. 

0.61 

.87 

1.20 

1.49 

1.69 

1.87 

2.04 

2.18 

2.36 

2.50 


Dis- 
charge. 


Cu.ft. 
per  sec. 

0.38 

2.27 

6.72 

14.90 

•23.29 

33.88 

46.98 

62.13 

81.49 

102.78 


Dimensions  of  ditch. 


Grade  of  ditch, 
4  feet  per  mile. 


I   Grade  of  ditch, 
5  feet  per  mile. 


Top 
width. 


Fed. 
1.5 
3.0 
4.5 
6.0 
7.25 
8.5 
9. 75 
11.0 
12.25 
13.50 


Bot- 
tom 
width. 

Depth. 

Feet. 

Area 

of<TOS.S 

section. 

Veloc- 
ity. 

Dis- 
charge. 

Cii.Jl. 
per  sec. 

Veloc- 
ity. 

Feet 
per  sec. 

DIh- 
charge. 

Feet. 

Fed 
per  sec. 

Cti.ft. 
per  sec. 

1 

0.5 

0.625 

0..71 

0.44 

0.81 

0.51 

2 

1.0 

2.5 

1.01 

2.53 

1.16 

2.89 

3 

1.6 

5.625 

1.39 

7.84 

1.59 

8.97 

4 

2.0 

10 

1.74 

17.40 

1.99 

19.90 

5 

2.25 

13.78 

1.96 

27.00 

2.18 

30.04 

6 

2.80 

18.12 

2.20 

39.86 

5.45 

44.39 

7 

2.-75 

23.03 

2.36 

54.  :m 

2.63 

60.56 

8 

3.0 

28.50 

2.56 

72.95 

2.86 

81.50 

9 

3.25 

34.53 

2.73 

94.26 

3.05 

105.31 

10 

3.5 

41. 12 

2.86 

117. 18 

8.22 

132.40 

Grade  of  ditch, 
6  feet  per  mile. 

Grade  of  ditch, 
7  feet  per  mile. 

Veloc- 
ity. 

'Dis- 
charge. 

Veloc- 
ity. 

Dis- 
charge. 

Feet 
per  sec. 

Cu.ft. 
])er  sec. 

Feet 

per  sec. 

Cu.ft. 
per  sec. 

0.91 

0.57 

0.96 

0.60 

1.29 

3.23 

1.37 

3.42 

1.78 

9.97 

1.88 

10.56 

2.21 

22.10 

2.34 

23.40 

2.43 

33.48 

2.63 

36.24 

2.68 

48.56 

2.90 

52.54 

2.88 

63.20 

3.12 

71.85 

3.13 

89.20 

3.38 

96.82 

3.34 

115.83 

1 1" 
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Velocities  and  discharges  of  ditches  with  different  grades — Continued. 


DimensionK  cf  ditcb.. 

Grade  of  ditch,  8 
feet  per  mile. 

Grade  of  ditch,  0 
feet  per  mile. 

Grade  of 
feetpe 

ditch,  10 
p  mile. 

Dis- 
charge. 

Volume  of 
material  to . 
be  removed 
per  mile.a 

Top 
widtli. 

Bot- 
tom 
width. 

Depth. 

Area 
of  cross 
section. 

Velocity. 

Dis- 
charge. 

Velocity. 

Dis- 
charge. 

Velocity. 

.    J!M. 

FeeL 

FM. 

Sq./l. 

Feet 
per  tec. 

Cu.Jl. 
per$ec. 

f>'et 
per  sec. 

Cu.Ji. 
per  sec. 

Feet 
per  sec. 

Cu./l. 
per  sec. 

Cu.yds. 

1.6 

1 

0.5 

0.025 

1.04 

0.65 

1.09 

0.68 

1.17 

1.04 

122 

3.0 

2 

1.0 

2.5 

1.48 

8.70 

1.55 

3.88 

1.66 

.26 

489 

4.5 

8 

1.5 

5.025 

2.08 

11.42 

2.18 

11.99 

2.28 

12.86 

1,100 

6.0 

4 

2.0 

10 

2.58 

25.80 

2.66 

26.60 

2.86 

28.60 

1,956 

7.26 

5 

2.26 

13.78 

2.81 

88.72 

2.98 

41.05 

3.13 

48.18 

2,696 

8.6 

6 

2.60 

18.12 

8.10 

56.16 

3.28 

69.42 

3.46 

62.69 

8,544 

9.75 

7 

2.75 

23.08 

3.83 

76.68 

4,504 

11.0 

8 

8.0 

28.50 

5,678 

12.25 

9 

8.26 

34.68 

1 

1 

6,762 

13.50 

10 

3.6 

41.12 

■■■••"■'■| 

8,041 

« 

^. 

a  In  computing  the  volume  of  material  in  cubic  yards  per  mile  to  be  removed  In  the  construction 
of  each  ditch  it  is  assumed  that  the  ditches  follow  the  surface  of  the  ground,  thus  maintaining  a 
constant  depth. 

The  ditches  whose  dimensions  are  given  in  the  above  table  are  of 
such  sizes  as  would  ordinarily  be  built.  They  vary  from  1  foot  to  10 
feet  in  width  on  the  bottom  and  from  6  inches  to  3i  feet  in  depth.  It 
will  be  seen  that  the  velocity  of  the  water  depends  largely  upon  the 
cross-sectional  areas  of  the  ditches.  The  velocity  in  the  smallest  ditch, 
with  a  grade  of  6  inches  per  mile,  is  0.18  of  a  foot  per  second,  while 
the  velocity  in  the  largest  ditch  given  in  the  table  for  the  same  grade 
is  1  foot  per  second,  or  about  dve  and  one-half  times  as  great.  By 
comparing  the  velocities  given  in  any  one  column  of  the  table  it  is 
seen  that  the  water  in  the  largest  ditch  has  four  to  five  times  the 
velocity  that  it  has  in  the  smallest  one.  Knowing  the  quantity  of 
water  which  the  ditch  must  carry,  and  the  permissible  grade,  the  size 
can  be  detennined  bj'^  reference  to  the  table. 

For  instance,  2i  cubic  feet  of  water  per  second  is  delivered  by  a 
ditch  3  feet  wide  on  the  top,  2  feet  wide  on  the  bottom,  and  1  foot  deep, 
with  a  grade  of  4  feet  per  mile.  The  table  shows  that  practically  the 
same  volume  is  carried  by  a  ditch  4i  feet  wide  on  top,  3  feet  on  the 
bottom,  and  1^  feet  deep,  with  a  grade  of  6  inches  per  mile.  It  may 
be  instructive  as  well  as  interesting  to  compare  these  two  ditches  to 
determine  which  is  the  more  economical  to  construct  and  to  use. 

If  built  to  convey  water  to  the  farm  located  as  before  described,  the 
larger  ditch  would  be  about  three-fourths  of  a  mile  long  and  would 
require  the  removal  of  826  cubic  yards  of  earth.  The  smaller  ditch 
would  be  about  1  mile  long,  and  489  cubic  yards  of  earth  would  be 
removed  in  its  construction,  a  saying  in  the  volume  of  earth  of  41  per 
cent.  The  losses  from  seepage  and  evaporation  in  the  two  ditches 
would  be  in  proportion  to  the  surfaces  exposed  to  the  soil  jand  toithe 
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air,. and  on  this  basis  the  loss  in  the  larger  ditch  would  be  12.5  per 
cent  greater  than  that  in  the  smaller.  This  comparison  shows  that  the 
cost  of  construction  of  the  smaller  ditch  is  less,  and  that  it  is  a  more 
economical  water  carrier  than  the  larger  one. 

A  large  head  of  water  more  economical  than  a  small  one. — In  watering 
most  crops  the  experienced  irrigator  knows  that  it  is  more  economical 
to  use  a  large  head  of  water  than  a  small  one.  A  person  can  irrigate 
a  given  area  in  less  than  one-half  the  time  with  2  cubic  feet  per  second 
than  would  be  required  with  1  cubic  foot  per  second,  and  it  might  be 
utterly  impossible  to  irrigate  the  land  with  one-half  a  cubic  foot  per 
second,  for  the  reason  that  the  stream  would  likely  be  absorbed  by  the 
ground  and  sink  into  the  subsoil  instead  of  flowing  over  the  surface. 

In  the  irrigation  of  most  crops  a  man  can  handle  2  or  2^  cubic  feet 
of  water  per  second  with  little  difliculty.  Assuming  that  2i  cubic  feet 
of  water  per  second  is  the  largest  volume  that  will  be  required  at  any 
one  time,  the  problem  is  to  construct  a  ditch  that  will  deliver  this 
volume  to  the  land.  The  size  of  the  ditch  and  the  grade  upon  which 
it  is  to  be  built  are  questions  which  should  be  decided  approximately 
before  the  trial  line  is  run. 

METHODS  OF  EUNinNG  GEABE  LIHE8  FOE  SMALL  BITCHES. 

The  grades  for  many  of  the  early  ditches  were  established  by  plow- 
ing a  furrow  or  digging  a  trench  from  the  creek  to  the  land  to  be  irri- 
gated and  permitting  the  water  to  flow  as  the  channel  was  opened. 
If  the  water  flowed  too  rapidly  the  furrow  was  turned  toward  higher 
ground,  and  in  case  the  water  failed  to  follow  the  trench  lower  ground 
was  sought.  After  running  the  preliminary  furrow  the  final  adjust- 
ment in  the  grade  was  made  by  plowing  a  second  one,  which  eliminated 
the  depressions  and  deviations  in  the  first. 

Accuracy  in  running  grade  lines. — The  degree  of  accuracy  which  may 
be  attained  in  grade  lines  run  in  this  manner  varies  with  the  care  taken 
in  running  the  first  and  second  furrows  and  in  estimating  the  velocity 
of  water  flowing  in  thorn.  If  the  banks  of  the  ditch  are  high  enough 
to  prevent  the  water  from  overflowing  them,  time  will  usuallyeven  up 
the  little  ine(iualities  in  grade.  Especially  will  this  be  true  of  those 
ditches  that  carry  an  appreciable  quantity  of  silt,  which  is  deposited 
wherever  the  current  is  slow.  In  tuis  way  depressions  are  filled 
up  and  the  ditch  is  made  even  and  uniform.  This  ''leveling  up" 
process  is  not  confined  to  the  ditch  laid  out  in  any  particular  way,  but 
is  constantly  going  on  in  all  waterways  where  inequalities  of  grade 
exist.  One  advantage  conferred  by  this  method  is  that  no  mistakes 
are  made  in  the  location,  that  is,  there  are  no  stretches  in  the  ditch 
where  no  grade  is  allowed,  nor  does  the  grade  i*un  in  the  wrong  direc- 
tion. Wherever  water  flows  in  a  small  trench  or  furrow  it  will  flow 
more  readily  in  the  completed  ditch.  r-^  t 
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TRIANGLE  WITH  FLXTMB  BOB. 

One  of  the  most  common  forms  of  leveling  device  is  the  triangle  or 
'*A."  It  has  probably  been  used  to  run  the  grades  for  a  greater  num- 
ber of  ditches  than  any  other  except  the  engineer's  level.  The  ease 
with  which  it  can  be  constructed  and  the  simplicity  of  its  adjustment 
and  use  are  the  points  that  have  appealed  strongly  to  the  pioneer  ditch 
builder.  The  usual  form  is  that  of  a  triangle  whose  base  and  longest 
side  is  from  10  to  16i  feet  in  length.  The  different  lengths  which  may 
conveniently  be  used  are  given  in  the  table  following: 

Number  of  Hmes  trianglea  of  different  lengthjt  are  used  in  1  mile  and  the 
amounts  which  should  be  allowed  for  various  grades. 


Length 
of  base  of 
triangle. 

Nomber 
of  times 
trianele 
must  oe 
applied 
in  a  mile. 

Amount  to  be  allowed  in  the  length  of  the  triangle  for 
different  grades. 

4  feet 

per 

mile. 

6  feet 
per 
mile. 

6  feet  '  7  feet 
per         per 
mile.  1  mile. 

8  feet 

per 

mile. 

9  feet 

per 

mile. 

10  feet 
per 
mile. 

Fed. 

Inch, 

Inch. 

Inch.   1   Inch. 

Inch. 

Inch. 

Inch. 

10 

628 

A 

i 

*    1        * 

A 

A 

k 

11 

m 

i 

*    !      A 

A 

i 

i 

12 

440 

* 

A    1       A 

A 

i 

* 

16    J          352 

A 

A    ,        * 

i 

A 

A 

16    1          330 

A 

A           i 

A 

A 

t 

164  1          320 

A 

i    1        * 

A 

A 

t 

The  headings  "4  feet,"  ''5  feet,"  etc.,  over  the  last  seven  columns 
of  the  above  table  are  the  number  of  feet  of  fall  in  the  ditches  per 
mile  of  length;  the  fractions  in  these  columns  give  in  inches  the  fall 


Fio.  2.— Triangle  with  plumb  bob. 


which  must  be  allowed  in  the  length  of  the  triangle.  These  are  cor- 
rect to  the  nearest  one-sixteenth  of  an  inch,  which  is  as  close  as  the 
instrument  can  be  read.  The  table  shows  that  if  the  triangle  be  12 
feet  long  and  a  fall  of  three-sixtejenths  of  an  inch  be  allowed,  the  grade 
of  the  ditch  will  var}^  between  6.5  and  8.5  feet  per  mile. 

Fig.  2  shows  a  triangle  with  a  base  of  11  feet.     Its  construction 
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requires  a  6-inch  board,  AC^  11  feet  long,  for  the  base;  for  the  other 
long  side,  BC,  a  4-inch  board  11  feet  long,  and  for  the  short  side,  AB, 
a  4-inch  board  6i  feet  long.  The  4-iuch  board,  BD^  along  which  the 
plumb  line  hangs,  is  5  feet  and  3  inches  long.  Two  or  three  wide 
staples  should  be  driven  into  this  board  over  the  plumb  line  to  limit 
its  swing.  The  plumb  line  is  of  such  length  that  the  point  of  the 
plumb  bob  just  clears  the  upper  edge  of  the  base  AC.  The  plumb 
bob  for  this  device  should  have  a  long,  slender  point,  so  that  its  posi- 
tion can  be  more  easily  seen.  A  mark  may  be  made  on  BB  just  above 
the  plumb  bob  to  indicate  the  center  of  its  swing.  The  line  is  then 
read  instead  of  the  point  of  the  plumb  bob. 

Maimer  of  adjusting  triangle. — The  adjustment  of  the  triangle  con- 
sists in  locating  and  marking  the  place  where  the  point  of  the  bob  or 
line  comes  when  the  base  is  level.  This  is  done  in  the  following  man- 
ner: Drive  two  stakes  in  the  ground,  making  the  distance  between 
them  equal  to  the  length  of  the  base  of  the  triangle.  The  stakes 
should  be  driven  so  their  tops  will  be  as  nearly  level  as  can  be  esti- 
mated. Place  the  triangle  with  the  ends  of  its  base  resting  on  the 
stakes;  hold  the  triangle  in  a  vertical  plane  and  notice  if  the  plumb 
swings  clear  of  the  staples;  if  it  does  not,  drive  the  higher  stake  until 
it  does.  The  plumb  bob  is  allowed  to  settle,  and  a  mark  is  made  on 
the  base  directly  under  its  point  or  back  of  the  line  on  BB,  The 
triangle  is  then  reversed  upon  the  stakes  and  another  mark  is  made  on 
the  l:>ase  or  on  the  upright  BB.  A  permanent  line  is  then  drawn 
across  the  top  of  the  base  midway  between  the  two  marks  already 
made  or  between  those  on  BB.  When  the  triangle  is  held  in  such  a 
position  that  the  point  of  the  plumb  bob  or  the  line  comes  to  the  last 
marks  made,  the  base  of  the  triangle  is  level.  A  leg  shown  at  ^^,  6 
inches  long,  may  be  fastened  to  the  forward  end  of  the  triangle. 

To  use  the  instrument  for  the  location  of  a  ditc^h  line,  begin  at  the 
lower  end  of  the  ditch  and  proceed  as  follows:  Drive  a  stake  at  the 
starting  point,  leaving  its  top  6  inches  above  the  surface  of  the  ground. 
Place  the  end  A  of  the  triangleon  this  stake  and  put  ^on  the  ground, 
along  the  line  of  the  proposed  ditch,  and  move  to  higher  or  lower 
ground  as  necessary  in  order  to  bring  the  point  of  the  plumb  bob  or 
the  line  to  the  mark  that  serves  to  indicate  when  the  base  is  level. 
Two  points  on  the  same  level  line  are  thus  fixed.  It  is  desired  instead 
to  find  a  point  near  l!^  higher  than  the  surface  of  the  ground  at  A  by 
an  amount  equal  to  the  grade  of  the  ditch  in  that  distance.  Shorten- 
ing the  leg  J?  by  this  amount  and  moving  it  to  higher  ground,  keeping 
the  base  AC l^vel^  the  desired  point  is  found.  This  point  is  marked 
by  driving  a  stake  in  the  ground,  the  top  of  which  is  6  inches  above 
the  surface.  The  proper  amount  to  be  cut  from  the  leg  J^  may  be 
determined  in  this  manner:  Divide  5,280,  the  number  of  feet  in  a 
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mile,  by  11,  the  length  of  the  base  A  Oof  the  triangle.  The  quotient 
480  is  the  number  of  times  the  triangle  must  be  applied  to  the  ground 
in  laying  out  a  mile  of  ditch.  Divide  the  number  of  inches  in  the  fall 
of  the  ditch  per  mile  by  480  and  the  result  will  be  the  amount  in  frac- 
tional parts  of  an  inch  by  which  the  leg  S  must  be  shortened.  In  a 
ditch  having  a  fall  of  5  feet,  or  60  inches,  per  mile,  this  is  60  divided 
by  480,  or  one-eighth  of  an  inch. 

Method  of  numing  grade  lines. — ^The  following  method  of  running 
grade  lines  with  this  device  is  probably  more  conmionly  employed: 
The  leg  £is  dispensed  with,  and  after  the  point  locating  the  center  of 
the  swing  of  the  plumb  bob  has  been  located,  a  piece  of  wood  of  such 
thickness  as  to  allow  for  the  grade  in  the  length  of  the  base  is  tacked 
under  one  of  the  ends,  as  at  C  The  work  of  laying  out  the  line  can 
begin  either  at  the  head  gate  or  at  the  farm.  If  a  suitable  location  for 
the  head  gate  is  found,  it  may  be  desirable  to  commence  there.  In  this 
case  a  stake,  having  its  top  10  oi^  12  inches  above  the  surface  of  the 
ground,  is  driven  at  the  point  selected  for  the  head  gate  and  the  end  A 
of  the  triangle  is  placed  upon  it.  The  end  Ois  turned  in  the  direction 
the  ditch  is  to  be  run,  and  when  the  plumb  bob  comes  to  rest  at  the 
mark  indicating  that  the  base  is  level,  a  stake  is  driven  so  that  its  top 
is  even  with  the  lower  face  of  the  piece  of  wood  fastened  under  O, 
The  tops  of  the  stakes  will  then  have  the  proper  grade,  and  the  tri- 
angle can  be  moved  forward  with  the  end  A  on  the  stake  just  located 
and  another  stake  driven  as  before.  This  operation  is  repeated  until 
the  entire  line  is  run.  The  line  so  located  need  not  follow  the  contour 
of  the  country,  but  can  be  made  fairly  direct.  Knowing  that  the  tops 
of  the  stakes  are  on  grade,  the  cut  at  any  place  can  easily  be  found. 
If  the  top  of  the  first  stake  is  15  inches  above  the  gi*ade  line  at  the  bot- 
tom of  the  ditch,  to  locate  the  bottom  at  any  other  station  it  is  only 
necessary  to  measure  down  15  inches  from  the  top  of  the  stake  there. 

The  plumb  bob  is  placed  near  the  rear  of  the  frame,  because  its 
position  can  be  more  easily  seen  by  a  person  holding  that  end  upon  a 
stake,  and  the  motion  communicated  to  it  by  the  movement  of  the  end 
C  is  less. 

TBIANGLE  WITH  OARPEKTEB'S  LEVEL. 

How  to  make  the  frame. — The  triangle  is  frequently  used  in  connec- 
tion with  the  carpenter's  level,  as  shown  in  fig.  3.  This  device  can  be 
used  in  windy  weather,  when  it  would  be  almost  impossible  to  run  a 
line  with  a  plumb  bob.  The  frame  may  be  made  of  two  3-inch  boards, 
AB  and  AC^  about  8  feet  long,  and  a  2-inch  by  4-inch  piece,  D£, 
about  6  feet  long.  The  two  pieces,  AB  and  A  C^  are  crossed  at  A  and 
fastened  with  one  nail;  make  the  length  of  AB  exactly  equal  to  AG^ 
say  8  feet,  and  make  marks  at  j?  and  C'on  the  center  line  of  the  pieces. 
BCiH  a  straightedge  about  12  feet  long,  used  temporarily  in  the  con- 
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struction  of  the  frame.  Mark  upon  its  upper  edge  two  points  11  feet 
apart.  Bring  the  marks  at  B  and  C  to  the  points  on  the  straightedge, 
which  is  temporarily,  fastened  with  nails  in  this  position,  AD  is  now 
laid  off  equal  to  AE^  say  about  four  feet,  and  the  two  points  D  and  E 
marked.  The  2  by  4  piece,  DE^  is  now  laid  across  the  frame,  placing 
•  its  upper  edge  on  the  points  D  and  E.  It  is  to  be  fitted  and  perma- 
nently fastened  in  this  position.  The  3-inch  boards,  ^^and  DC^  are 
next  put  in  place  and  nailed  there.  They  hold  the  ends  of  the  legs 
securely  in  position.  The  amount  of  fall  in  11  feet  is  then  calculated 
or  taken  from  the  table  on  page  13.  It  is  laid  off  and  marked  on  AB^ 
measuring  from  the  upper  edge  of  B  C,  The  piece  BCis  now  loosened 
at  B  and  the  upper  edge  brought  to  this  mark.  The  legs  of  the  tri- 
angle are  cut  along  the  straightedge' of  BC.  The  leg  AB  should  be 
marked  in  some  way  to  indicate  that  it  is  to  be  used  on  the  upstream 
end  of  the  triangle. 

To  adjust  the  leveling  device. — This  method  of  constructing  the 
leveling  device  assumes  that  the  carpenter^s  level  is  in  adjustment. 


Fig.  S.— Triangle  with  carpenter's  level. 

If  it  needs  adjusting,  remove  the  level  from  the  frame  and  proceed 
as  follows:  Drive  two  stakes,  A  and  B^  in  the  ground  until  their 
tops  are  nearly  on  the.  same  level.  Place  one  end,  A^  of  the 
carpenter's  level  on  the  stake  A  and  the  other  end,  jff,  on  the  stake 
B.  Drive  one  of  the  stakes  until  the  bubble  comes  to  the  center 
of  the  tube.  Place  the  end  A  of  the  level  on  the  stake  B  and 
the  end  B  on  the  stake  A  and  note  the  position  of  the  bubble. 
Reverse  the  ends  of  the  level  to  their  former  position  and  see  if  the 
bubble  returns  to  the  center  of  the  tube;  if  not,  repeat  the  opera- 
tion. If  this  can  not  be  brought  about,  the  level  should  not  be  consid- 
ered trustworthy,  and  should  not  be  used.  After  finding  that  the 
bubble  returns  to  Jthe  center  satisfactorily,  place  the  end  A  upon  the 
stake  B  and  the  end  B  on  the  stake  A  and  correct  one-half  of 
the  apparent  error  by  the  set  screw  which  fastens  the  spirit  level  to  the 
wood  of  the  carpenter's  level.     Reverse  the  ends  of  the  level  and  drive 
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one  of  the  stakes  until  the  bubble  comes  again  to  the  center.  Repeat 
this  operation  until  the  bubble  is  in  the  center  in  both  positions.  The 
level  is  then  in  adjustment,  and  the  tops  of  the  stakes  are  at  the  same 
elevation. 

Replace  the  carpenter's  level  on  the  frame  and  the  device  is  ready 
for  use.  It  should  be  tested  each  time  before  being  used.  This  can  be 
done  as  follows:  The  carpenter's  level  is  in  adjustment  and  the  upper 
edge  of  jBC{&g.  3)  is  a  straight  line.  Place  the  level  on  this  line  and 
drive  two  stakes,  one  at  £  and  the  other  at  Cy  so  that  their  tops  are 
even  with  the  upper  edge  of  jBC^  when  the  bubble  is  in  the  center  of 
the  tube.  The  tops  of  the  stakes  should  then  be  nearly  level.  By 
reversing  the  straightedge  several  times  they  can  be  more  accurately 
driven,  and  any  error  of  the  carpenter's  level  can  be  eliminated. 
When  the  tops  of  the  stakes  are  on  the  same  level  replace  the  caipetf- 
ter's  level  on  the  frame  and  make  its  legs  the  same  length  by  adding  a 
piece  of  wood  to  the  shorter  one,  jB  C,  When  the  legs  are  set  on  the 
stakes  the  bubble  should  come  to  the  center  of  the  tube  and  should  not 
change  when  the  ends  of  the  frame  are  reversed. 

In  use,  whenever  the  bubble  is  in  the  center  of  the  tube,  the  leg  B 
will  stand  on  the  ground  as  much  higher  than  the  leg  C  as  will  give 
the  proper  grade  to  the  ditch.  The  leg  C  is  placed  on  a  hub,  a  small 
stake  driven  flush  with  the  surface  of  the  ground  at  the  lower  end  of 
the  ditch  line.  A  point  11  feet  above  on  the  ditch  line  is  then  found 
where  B  touches  the  surface  of  the  ground  when  the  bubble  is  in  the 
center  of  the  tube.  This  point  is  also  marked  by  a  hub.  These  two 
points  mark  the  grade  line  of  the  ditch.  The  frame  is  then  carried 
forward,  placing  the  leg  C  upon  the  last  hub,  and  this  operation  is 
repeated  till  the  ditch  line  is  entirely  located.  In  order  that  the  hubs 
may  be  easily  found,  a  small  stake  is  driven  beside  each. 

8SLEGTI0V  OF  A  SITE  FOE  THE  HEAD  GATE  AND  THE  CHOICE 

OF  DITCH  LINES. 

Fig.  4  shows  the  farm,  the  creek,  and  the  ground  over  which  the 
ditch  is  to  be  built.  The  grade  assumed  for  the  ditch  AB  is  6  feet 
per  mile,  or  one-fourth  the  fall  of  the  creek.  Therefore  the  creek 
rises,  in  going  upstream,  four  times  as  much  as  the  ditch  in  going  the 
same  distance;  hence,  the  line  of  the  ditch  will  gradually  approach  the 
creek.  The  line  and  the  creek  will  intersect  at  a  point  about  1  mile 
above  the  farm  or  about  one-eighth  of  a  mile  above  B. 

Best  location  for  head  gate. — It  frequently  occurs,  as  shown  in  fig.  4, 
that  the  point  where  the  preliminary  line  intersects  the  creek  is  not  a 
suitable  one  for  the  location  of  the  head  gate.  The  banks  of  the  creek 
are  high,  thus  making  a  deep  cut  necessary,  and  owing  to  a  bend  in  its 
channel  the  current  is  thrown  toward  the  opposite  side  of  the  stream. 
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If  for  any  such  reasons  the  ditch  can  not  be  cheaply  or  conveniently 
taken  out,  the  banks  of  the  creek  above  should  be  carefully  examined, 
to  see  if  there  is  not  a  more  desirable  location.  Suppose  a  point,  D^ 
is  found  about  a  quarter  of  a  mile  above,  where  the  banks  are  not  high 
and  where  an  outer  curve  directs  the  current  toward  the  head  gate.  If 
the  stream  is  subject  to  sudden  and  heavy  floods,  it  might  be  better  for 
the  head  gate  to  be  located  on  a  straight  portion  of  the  channel  rather 
than  upon  the  curve. 

Selection  of  ditch  line. — After  deciding  that  the  head  gate  should,  be 
located  at  2>,  it  is  necessary  to  determine  how  to  cany  the  water  from 
there  to  the  farm.  The  head  gate  D  can  either  be  connected  with 
some  point  of  the  preliminary  line,  as  ^,  or  a  new  line  can  be  i*un 
leading  directly  to  the  farm,  as  shown  by  the  upper  dotted  line  DA. 


Fig.  4.— Sketch  ehowing  location  of  farm  and  possible  ditch  lines. 

There  are  a  number  6f  questions  to  be  taken  into  consideration  before  a 
choice  between  the  two  lines  should  be  decided  upon.  Usually  the 
higher  the  ditch  line  the  rougher  the  country.  Often  rock  is  encoun- 
tered, and  the  upper  line  is  generally  much  more  crooked  if  it  follows 
the  surface  of  the  ground.  A  line  run  directly  from  the  head  gate  to 
the  farm  has  a  grade  of  about  7  feet  per  mile.  However,  if  this 
country  is  more  broken  than  that  along  the  preliminary  line,  the  upper 
ditch  will  be  crooked,  and  hence  be  longer  than  it  has  been  esti- 
mated. This  increased  length  will  reduce  the  grade.  Suppose  in  this 
case  that,  after  examining  the  country  along  the  upper  line,  it  is 
found  that  a  large  quantity  of  rock  would  be  encountered  in  the  con- 
struction of  the  ditch.     It  is  necessary  then  to  go  back  to  the  head 
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gate  and  examine  the  country  between  that  point  and  the  pre- 
liminary line.  It  is  found  that  a  short  ditch,  DCB^  running  from  the 
head  gate  to  connect  with  the  preliminary  line  can  be  built.  A  uni- 
form grade  can  be  maintained  by  constructing  a  drop,  located 
as  shown  in  fig.  ri.  This  compromise  between  the  two  lines  is 
therefore  decided  upon.  The  fall  of  water  over  the  drop  is  3i  feet, 
thus  allowing  a  grade  of  6  feet  per  mile  in  the  short  ditch.  If  this 
precaution  were  not  taken,  its  channel  would  be  worn  away  in  a  short 
time,  and  the  material  thus  washed  out  would  be  deposited  in  the  lower 
ditch,  from  which  place  it  would  have  to  be  removed.     The  drop  (fig.  5) 


c^ 


Fir;.  ." — 1)<  tails  of  timber  drop  in  ditch. 

consists  of  a  short  flume,  7>,  with  a  flaring  approach  and  submerged 
platform.  A,  The  floor  C^  on  the  grade  of  the  ditch  below  the  drop, 
breaks  the  force  of  the  falling  water.  The  flaring  wings  and  sub- 
merged platform  at  B  protect  the  ditch  at  that  point.  The  dimen- 
sions are  also  shown  in  fig.  5. 

Method  of  marking  ditch  line. — To  mark  the  lino  of  the  ditch  with  a 
furrow  after  it  has  been  properly  located,  let  one  man  guide  the  team, 
walking  between  the  heads  of  the  horises  and  holding  a  bit  in  each 
hand,  while  another  holds  the  plow.     If  the  surface  of  the  ground  will 
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permit  a  wagon  to  be  driven  over  the  line,  the  plow  may  be  attached  to 
the  rear  axle,  the  driver  directing  the  team  from  the  seat  of  the  wagon. 
The  team  is  driven  in  such  a  direction  as  to  turn  the  furrow  to  the 
lower  side  of  the  ditch.  If  the  surface  of  the  ground  is  comparatively 
level  across  the  line  of  the  ditch  it  is  not  necessary  to  follow  the  stakes 
closely  in  the  bends.  The  ditc^h  will  be  better  for  being  straightened 
a  little,  which  may  be  done  by  going  above  the  stakes  that  locate  the 
bends  nearest  the  creek  and  a  little  below  the  stakes  that  locate  the 
bends  farthest  away.  If  the  ground  slopes  very  much  across  the  ditch 
line  the  stakes  must  be  followed  closely'.  After  the  line  is  marked, 
two  or  three  furrows  are  plowed,  turning  them  to  the  lower  side.  A 
ditch  of  this  size  may  be  built  almost  wholly  with  an  ordinary  plow, 
by  going  over  the  line  a  number  of  times.     The  loose  earth  in  the 


Fi«.  6.— Plank  wraper. 

bottom  of  the  ditch  may  be  removed  with  a  plank  scraper,  shown  in 
fig.  6.  The  tongue  should  be  long  enough  to  allow  the  team  to  work 
below  the  bank.  The  scraper  is  lifted  over  the  loose  earth  as  the  team 
backs,  and  the  load  is  dragged  out  as  the  team  moves  forward.  A 
ditch  of  the  size  contemplated  is  rather  too  small  to  admit  of  using  the 
ordinary  scraper  to  advantage. 

HEAD  GATE. 

A  small  ditch  of  the  kind  described  might  be  used  for  years  without 
a  head  gate.  It  will,  however,  be  much  better  to  have  one,  so  the 
water  can  be  shut  off  when  it  is  not  needed  for  irrigation. 

Fig.  7  shows  a  common  type  of  small  head  gate.  It  consists  of  a 
box  or  flume  6  feet  long,  3  feet  wide,  and  3  feet  deep,  with  a  gate, 
2>,  at  the  end  nearest  the  creek.     At  both  ends  the  sides  flare  at  an 
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angle  of  about  30°.  Under  them,  li  feet  below  the  floor  of  the  struc- 
ture C^  platforms  A  and  B  are  built.  Both  of  these  platforms  are 
covered  with  earth  to  the  level  of  the  floor  C.  Earth  is  also  carefully 
tamped  around  the  outside  of  the  head  gate. 

All  precautions  should  be  taken  to  prevent  water  from  working 
along  the  outside  of  the  head  gate.  The  structure  may  be  undermined 
in  a  short  time  if  only  a  small  stream  finds  its  way  between  the  planks 
and  the  earth.  The  flaring  wings  and  submerged  platform  are  built  to 
prevent  this  action,  and  also  to  make  the  structure  secure  in  case  of 
high  water. 


Fio.  7.~Detail8  of  head  gate. 


LATDra  OUT  FIELD  LATEKAL8. 

Location  and  grade. — The  location  of  the  laterals  f  urnl.^hes  an  oppor- 
tunity for  the  irrigator  to  show  his  skill.  While  the  land  is  new,  spread- 
ing water  over  it  will  be  a  difficult  matter.  It  may  be  impossible  to 
properly  locate  the  main  laterals  at  first,  and  supplemental  laterals  and 
dikes  may  have  to  be  constructed.  Before  the  crops  can  be  harvested 
these  temporary  channels  must  be  filled  in  and  the  ground  leveled. 
Theoretically,  they  should  be  given  such  a  grade  as  will  result  ifn  fi 
moderate  velocity  for  the  water,  but  not  sufficient  to  wash  the  earth 
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along  the  sides  and  bottom  of  the  ditch.  One  irrigate^r  of  considerable 
experience  recommends  that  field  laterals  should  have  a  fall  of  at  least 
10  feet  per  mile.  The  laterals  should  be  located  nearly  at  right  angles 
with  the  direction  of  the  greatest  slope  of  the  land,  so  that  water  will 
flow  from  rather  than  along  them.  Mistakes  have  been  made  in  con 
structing  them  parallel  with  the  steepest  slope.  When  the  water  is 
turned  from  these  it  tends  to  follow  rather  than  to  flow  away  from 
them,  thus  adding  greatly  to  the  work  of  the  irrigator.  If  the  sur- 
face of  the  groqnd  is  somewhat  uneven  the  problem  of  locating  the 
permanent  laterals  becomes  correspondingly  more  difficult,  often  ren- 
dering the  use  of  the  engineer's  level  necessary.  It  may  l»e  possible 
to  cover  all  the  ground  by  locating  the  laterals  along  the  ridges,  or 
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Fig.  8.— Plat  of  farm,  showing  laterals. 

there  may  be  high  points  entirely  surrounded  by  lower  ground,  making 
it  necessary  to  build  ditches  on  artificial  ridges,  or  dikes,  to  carry  the 
water  to  them.  The  inexperienced  irrigator  often  considers  that  the 
ground  occupied  by  the  laterals  is  waste  land,  because  it  bears  no  crop. 
Accordingly,  he  makes  them  far  apart,  so  that  the  water  must  flow  a 
long  distance  to  cover  the  surface  between  any  two.  This  usually 
results  in  the  overirrigation  of  that  portion  of  the  crop  near  the  lat- 
eral in  use,  as  the  water  must  be  kept  flowing  there  until  the  entire 
surface  to  the  next  lateral  is  irrigated. 

Preparation  of  surface. — It  will  usually  pay  to  do  some  work  in 
smoothing  off  the  little  irregularities  in  the  surface  of  the  farm.  This 
may  be  done  with  a  plank  scraper,  or  drag,  after  the  ground  has  been 
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plowed.  The  drag  cuts  away  the  higher  points  and  leaves  the  dirt  in 
the  hollows.  This  preparation  of  the  surface  is  quite  important,  as  it 
reduces  the  time  and  labor  required  in  irrigating.  A  more  uniform 
distribution  of  water  is  also  obtained,  which  increases  its  efficiency. 
Theoretically,  the  surface  of  the  ground  should  be  a  plane  surface, 
with  just  slope  enough  to  allow  the  water,  when  delivered  at  the  highest 
point,  to  flow  in  a  thin,  uniform  sheet. 

We  will  assume  that  the  farm  is  planted  to  such  crops  as  are  ordi- 
narily found  in  the  arid  region,  say  10  acres  of  alfalfa,  10  acres  of 
grain,  6  acres  of  potatoes,  5  acres  of  garden,  5  acres  of  small  "fruits, 
and  5  acres  of  orchard,  as  shown  on  the  plat  of  the  farm.     (Fig.  8.) 

If  it  be  assumed  that  there  is  a  fall  of  4  feet  across  the  farm  from 
north  to  south  and  2  feet  from  east  to  west,  the  water  can  be  made  to 
flow  either  west  or  south  from  any  point.  The  greatast  slope  of  the 
land  is  a  little  south  of  southwest,  and  this  is  the  direction  the  water 
takes  if  left  to  itself.  If  the  laterals  are  run  south  from  the  main 
ditch  they  will  make  an  angle  of  about  70°  with  this  line.  Such  an 
arrangement  permits  the  water  to  flow  away  from  i-ather  than  along 
the  laterals.  The  main  ditch  divides  at  ^1,  as  shown  in  fig.  8;  one 
branch  runs  south  to  Z,  while  a  second  runs  west  to  2?,  the  middle  of 
the  north  line  of  the  farm,  where  it  turns  and  flows  south  to  M,  The 
field  laterals  receive  their  supply  of  water  directly  from  these  ditches. 

METHODS  OF  APPLTIHG  WATEE  TO  GE0P8. 

Flooding. — Alfalfa  is  irrigated  by  the  method  known  as  flooding, 
which  may  be  described  as  follows:  Nearly  parallel  ditches,  BC^  EF^ 
etc.,  are  made  100  to  150  feet  apart  through  the  field.  In  the  present 
case  six  ditches  are  made,  110  feet  apart,  dividing  the  field  into  six 
strips.  As  these  laterals  will  remain  as  long  as  the  field  is  in  alfalfa, 
we  may  put  division  boxes  (see  fig.  9)  at  B^  E^  G^  etc.,  where  the  lat- 
erals are  taken  from  the  main  ditch.  This  will  avoid  cutting  through 
the  ditch  bank  and  refilling  with  earth  when  the  water  is  changed  from 
one  lateral  to  another.  The  division  box  is  simply  a  short  flume  placed 
in  the  ditch  with  a  channel  leading  away,  usually  at  right  angles. 
Vertical  cleats  are  provided  for  holding -flashboards  in  place  for  check- 
ing the  water.  These  boards  may  be  placed  either  in  the  branch  or 
the  main  ditch  as  desired. 

The  division  box  at  A  (fig.  8)  is  set  so  the  water  will  flow  to  B,  At 
this  point  the  division  box  is  so  adjusted  that  water  runs  into  the  lat- 
eml  {BC)^  and  the  lower  bank  of  the  lateral  is  cut  a  few  feet  from  /?. 
Just  below  the  cut  a  canvas  dam  is  thrown  across  the  ditch  to  force 
the  water  over  the  surface  of  the  ground.  The  canvas  dam  is  a  piece 
of  heavy  cloth,  5  or  6  feet  long  and  3  or  4  feet  wide,  one  edge  of  which 
is  tacked  to  a  pole  long  enough  to  rest  on  the  banks  as  it  is  thrown 
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across  the  ditch.  The  cloth  rests  against  the  bottom  and  sides  of  the 
ditch  above  the  pole,  where  two  or  three  shovelfuls  of  dirt  are  placed 
to  hold  it  in  position.  When  the  water  from  lateral  ^C^ flowing  over 
the  surface  reaches  the  lateral  EF^  entirely  covering  the  intermediate 
area,  another  cut  is  made  in  BC^  100  to  150  feet  farther  from  B.  The 
canvas  dam  is  again  used  to  check  the  water,  which  is  allowed  to  flow 
out  as  before.  This  operation  is  repeated  till  the  entire  surface  of  the 
first  strip  has  been  covered.  The  division  box  at  B  is  then  set  to  shut 
the  water  from  the  lateral  BC^w^  allow  it  to  flow  to  E^  where  it  runs 
into  the  lateral  EF^  and  from  it  over  the  surface  of  the  next  strip. 
In  this  manner  strip  after  strip  is  irrigated  till  the  entire  field  is  cov- 
ered.    The  field  laterals  are  not  as  large  as  the  main  ditch,  and  it  may 


.  9.— Details  of  division  box. 


be  necessary  to  divide  the  water  between  two  or  morfe  of  them. 
Assuming  that  it  will  require  a  quantity  of  water  sufficient  to  cover 
the  field  to  a  depth  of  G  inches,  in  order  to  give  it  a  thorough  irrigation, 
it  will  take  about  twenty-four  hours  to  irrigate  the  entire  field.  The 
ditch  must  carry  2i  cubic  feet  of  water  per  second  to  accomplish  this. 
The  grain  crop  is  irrigated  in  the  same  manner.  The  laterals  in  the 
grain  field  may  be  made  about  the  same  distance  apart  as  those  in  the 
alfalfa  field.  They  may  be  built  with  an  ordinary  plow  by  turning 
two  f un*ows  away  from  each  other,  or  they  may  be  made  with  a  special 
plow  having  two  moldboards.  This  tool  throws  the  dirt  out  of  the 
ditch  on  both  sides  and  completes  the  lateral  in  one  operation.     These 
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laterals  are  used  only  for  the  one  crop,  and  are  filled  with  the  plow  just 
before  the  harvest,  so  that  the  binder  may  cross  them  in  cutting  the  grain. 
If  the  grain  is  sown  with  a  drill  running  east  and  west  the  small 
furrows  made  by  it  form  miniature  ditches,  which  the  water  follows. 
The  irrigator  must  see  that  the  water  reaches  those  places  where,  on 
account  of  elevations  or  obstructions,  it  does  not  run  readily. 

Furrow  irrigation. — For  the  irrigation  of  the  crops  on  the  south  half 
of  the  farm,  furrow  irrigation  is  employed.  The  potatoes  are  planted 
in  rows  and  are  '^furrowed  out"  before  being  imgated.  This  is  done 
by  running  a  shovel  plow  between  the  rows,  making  small  ditches,  into 
which  the  water  is  turned  and  allowed  to  flow  until  it  has  reached 
the  other  end  of  the  field.  The  water  is  ''set"  on  a  certain  number 
of  rows,  allowing  only  a  small  stream  to  flow  in  each.  The  surface  is 
not  flooded,  but  the  water  is  confined  to  the  furrows  and  percolates 
laterally  into  the  soil.  The  water  is  taken  out  of  the  permanent  lat- 
eral DMdkt  the  corner  of  the  field  and  carried  along  in  a  temporary 
ditch  parallel  to  it.  After  a  strip  100  to  150  feet  wide,  containing  40 
or  50  rows,  has  been  irrigated  from  the  first  opening,  the  main  lateral 
is  cut  farther  down,  and  the  process  is  repeated.  The  garden  may  be 
irrigated  in  a  manner  similar  to  that  described  for  the  potatoes. 

The  small  fruits  and  the  orchard  are  crops  of  a  more  permanent 
character,  and  will  occupy  the  same  ground  for  a  number  of  years. 
For  these  reasons  division  boxes  are  placed  in  the  main  lateral  where 
it  is  desired  to  take  out  water.  Ordinarily,  small  fruits  are  irrigated 
by  the  furrow  method.  It  is  thought  better  practice  by  many  irriga- 
tors to  allow  a  small  stream  of  water  to  flow  between  the  rows  for  a 
considerable  time  than  to  allow  a  large  stream  to  run  for  a  short 
period.  This  gives  more  opportunity  for  the  water  to  soak  into  the 
soil,  leaving  it  in  the  same  condition  as  does  a  heavy  rain. 

The  orchard  is  irrigated  either  by  flooding  or  by  furrows.  Of  the 
two,  the  furrow  system  is  perhaps  more  often  used.  Parallel  furrows 
3  to  6  feet  apart  are  made  and  small  streams  of  water  are  allowed  to 
flow  in  them  until  the  ground  is  thoroughly  saturated. 

In  some  localities  the  best  results  are  obtained  from  the  orchards 
when  the  entire  surface  of  the  ground  is  flooded.  Care  is  taken,  how- 
ever, to  keep  the  water  away  from  the  trees,  as  it  is  found  that  they 
thrive  better  when  the  water  does  not  touch  them,  but  percolates  into 
the  soil  and  reaches  the  roots.  When  all  of  the  ground  between  the 
trees  is  moistened  the  roots  spread  uniformly.  Where  furrows  are 
used  for  irrigating  orchards  they  are  often  plowed  in  after  water 
has  been  applied.  The  ground  is  then  leveled  and  the  surface  finely 
pulverized.  As  long  as  the  surface  of  the  ground  remains  in  this 
condition  evaporation  is  greatly  reduced.  This  method  requires  con- 
siderable work,  as  the  laterals  have  to  be  made  some  time  prior  to  the 
irrigation  of  the  orchard. 
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There  are  other  methods  for  applying  water  to  crops,  but  all  of  them  ' 
require  a  more  elaborate  preparation  of  the  surface  of  the  ground, 
and  need  not  be  described  here. 

Cultivation  should  follow  irrigation. — When  it  is  possible,  cultivation 
should  follow  each  irrigation  as  soon  as  the  ground  is  dry  enough  to 
be  worked.  If  all  crops  could  be  cultivated  in  this  way  the  amount 
of  water  which  would  have  to  be  applied  would  be  greatly  reduced. 
The  duty  of  water  is  uniformly  small  for  corn,  potatoes,  orchards, 
and  other  crops  which  can  be  easily  cultivated.  If  the  ground  can 
not  be  cultivated  after  it  has  been  irrigated,  the  surface  will  often 
bake.  This  is  injurious  to  some  kinds  of  plant  growth,  and  evapora- 
tion is  thereby  greatly  increased,  making  another  irrigation  necessary 
much  sooner  than  it  would  otherwise  be. 

WHEV  TO  lEEIQATE. 

In  order  to  determine  just  when  crops  need  water  and  when  to  apply 
it  so  that  they  will  not  suffer  f roni  drought,  nor  be  injured  by  too  fre- 
quent or  too  generous  applications,  requires  a  knowledge  and  experi- 
ence that  can  be  gained  only  by  practice  and  a  close  observation  of 
various  crops  under  irrigation.  It  is  the  experience  of  many  practical 
irrigators  that  if  an  unlimited  supply  of  water  is  available  crops  more 
frequently  suffer  from  overirrigation  than  from  drought.  It  is  diffi- 
cult to  determine  when  the  development  of  the  crop  is  first  arrested  on 
account  of  a  lack  of  moisture  in  the  soil.  Some  experimenters  main- 
tain that  this  point  can  be  more  definitely  decided  by  an  examination 
of  the  soil  than  by  the  appearance  of  the  plant,  as  the  latter  shows 
evidence  of  the  check  in  its  growth  some  days  after  it  has  occurred. 
•  Usually  it  is  then  too  late  to  prevent  serious  loss,  as  the  crop  rarely 
recovers  from  such  treatment,  and  seldom  reaches  the  development  it 
would  have  attained  if  it  had  been  irrigated  at  the  proper  time. 

Plants  will  usually  indicate  by  a  change  in  color  or  by  their  general 
appearance  whether  they  need  water  or  when  they  have  been  over- 
irrigated.  Most  field  crops  turn  to  a  darker  green  when  in  need  of 
water,  and  the  leaves  and  stems  show  a  tendency  to  droop  or  curl. 
The  lower  leaves  assume  a  pale  yellow.  A  crisp  or  dead  appearance 
in  the  lower  leaves  is  one  of  the  best  indications  that  a  plant  needs 
water.  Grain  which  has  suffered  from  drought  may  mature,  but  the 
straw  will  be  small  and  short  and  the  kernels  will  be  shrunken  and 
inferior  in  quality.  Alfalfa  and  similar  crops  have  the  appearance  of 
cured  hay.  Where  field  crops  are  overirrigated  the  color  of  the  foliage 
becomes  a  yellowish  green  and  the  plants  have  a  sickly  appearance. 
These  indications  vary  with  the  quality  of  the  soil,  so  that  it  is  impos- 
sible to  lay  down  fixed  rules  to  govern  the  number  or  frequency  of 
irrigations.  Only  close  obsei'vation  for  a  number  of  years  on  the 
same  farm  will  enable  a  person  to  tell  by  the  appearance  of  the  plants 
whether  thev  need  water  or  not.  ^        ,,   C^r^r\n]{> 
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^  The  amount  of  moisture  in  the  soil  may  be  determined  with  sufficient 
accuracy  for  the  needs  of  the  plant  by  examining  a  sample  taken  a  few 
inches  from  the  surface  of  the  ground.  If  it  clings  together  when 
molded  in  a  ball  and  shows  the  print  of  the  fingers,  there  is  moisture 
enough  present.  If  the  earth  falls  apart  when  the  hand  is  opened, 
irrigation  is  needed.  As  stated  above,  this  point  is  passed  some  days 
before  the  plant  shows  indications  of  suffering. 

COST  OF  BinLDIVG  AND  MAIHTAIHnra  A  DITCH. 

The  cost  of  a  small  system  of  irrigation,  similar  to  that  already 
described,  may  properly  be  considered  here.  The  ditch  is  li  miles 
long,  and  the  main  laterals  on  the  farm  are  of  the  same  cross-sectional 
dimensions,  and  are  five-eighths  of  a  mile  long.  The  laterals  in  the 
alfalfa  and  grain  fields  have  a  total  length  of  li  miles,  and  are  slightly 
smaller.  A  short  calculation  shows  that  nearly  1,250  cubic  yards  will 
have  to  be  moved  in  the  construction  of  these  ditches.  This  volume 
at  5  cents  per  cubic  yard  makes  the  cost  of  the  work  $62.50.  The 
head  gate  requires  360  feet  B.  M.  of  2-inch  planks  and  2  by  4  inch 
scantling,  at  a  cost  of  $15  to  $18  per  thousand.  The  30  .division  boxes 
are  made  of  2-inch  lumber  and  require  nearly  4,000  feet  B.  M.  The 
head  gate,  drop,  and  division  boxes  will  cost,  in  place,  not  far  from 
$125.  This  will  make  an  investment  of  about  $200  in  the  completed 
ditches. 

ttnantity  of  water  required  for  ordinary  field  crops. — It  has  been  demon- 
strated by  experiment  that  it  requires  a  volume  of  water  sufficient  to 
cover  the  area  to  a  depth  of  2  or  3  feet  to  mature  ordinary  field  crops. 
Basing  the  calculation  on  these  figures,  and  assuming  that  there  is  no 
rainfall  during  the  irrigation  season,  it  will  require  an  aggregate  of 
from  sixteen  to  twenty-four  days  to  complete  the  work  of  irrigation 
if  the  ditch  delivers  2^  cubic  feet  of  water  per  second  and  the  work  is 
carried  on  day  and  night.  Assuming  that  twenty  days  is  a  mean  period 
foi*  this  work,  the  cost  of  irrigation  therefore  approximates  $1  per 
acre.  Since  some  crops  require  that  the  water  be  watched  continually 
during  irrigation,  the  cost  per  acre  is  increased  somewhat,  owing  to 
the  necessity  of  employing  a  man  to  work  at  night.  The  average  cost 
probably  does  not  exceed  $1.20  per  acre. 

After  the  first  year  the  cost  of  repairs  will  amount  to  something  like 
10  per  cent  of  the  original  outlay  in  building  the  ditch,  or  about  $20. 

The  following  summarizes  the  original  cost  of  the  ditch  and  laterals 
and  the  yearly  outlay  for  repairs  and  labor: 

Coat  of  ditch  and  latertds. 

Making  level  and.running  line $12. 00 

Cost  of  excavation  of  ditch  and  laterals 62. 50 

Colt  of  head  gate,  drop,  division  boxes,  etc 125. 00 

Total ■^^.n.^-^-^my^.Z 
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Yearly  cost  of  irrigation  and  mainterumce  of  ditches. 

Labor  in  irrigating $48. 00 

Repairs  to  ditches 20.00 

Total 68.00 

In  the  above  estimate  the  labor  has  been  included  at  average  prices 
for  such  work.  If  the  farmer  has  time  to  do  the  work  himself,  his 
only  cash  outlay  will  be  for  lumber. 
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FARMERS'  BULLETINS. 

The  following  is  a  list  of  the  Farmers'  Bulletins  available  for  distribution,  showins 
the  number  ana  title  of  each.  Copies  will  be  sent  free  to  any  address  in  the  United 
States  on  application  to  a  iSenator,  Representative,  or  Delegate  in  Congress,  or  to  the 
Se<iretary  of  Agriculture,  Washington,  D.  C.  Numbera  omitted  have  been  discon- 
tinued, being  superseded  by  later  bulletins. 

No.  16.  Lesruminous  Plants.  No.  22.  The  Feeding  of  Farm  AuimalK.  No.  24.  Uog  Cholera  and 
Swine  Plagae.  No.  25.  Peanuts:  Culture  and  Uses.  No.  27.  Flax  for  Seed  and  Fiber.  No.  28. 
Weeds:  And  How  to  Kill  Them.  No.  29.  Souring  and  Other  Changes  in  Milk.  No.  30.  Qrape  Dis- 
eases on  the  Pacific  Coast.  No.  82.  Silos  and  Silage.  No.  33.  Peach  Growing  for  Market.  No.  34. 
Meats:  ComposiUon  and  Cooking.  No.  86.  Potato  Culture.  No.  3G.  Cotton  Seed  and  Its  Products. ' 
No.  37.  Kafir  Corn:  Culture  and  U.«ies.  No.  38.  Spraying  for  Fruit  Diseases.  No.  89.  Onion  Culture. 
No.  41.  Fowls:  Care  and  Feeding.  No.  42.  Facts  About  Milk.  No.  43.  Sewage  Disposal  on  the  Farm. 
No.  44.  Commercial  Fertilizers.  No.  46.  Insects  Injurious  to  Stored  Grain.  No.  46.  Irrigation  in 
Humid  Climates.  No.  47.  Insects  Affecting  the  Cotton  Plant.  No.  48.  The  Manuring  of  Cotton. 
No.  49.  Sheep  Feeding.  No.  50.  Sorghum  as  a  Forage  Crop.  No.  51.  Standard  Varieties  of  Chickens. 
No.  52.  The  Sugar  Beet.  No.  64.  Some  Common  Birds.  No.  55.  The  Dairy  Herd.  No.  66.  Experi- 
ment Station  Work— I.  No.  67.  Butter  Making  on  the  Farm.  No.  58.  The  Soy  Be<^n  as  a  Forage 
Crop.  No.  59.  Bee  Keeping.  No.  60.  Methods  of  Curing  Tobacco.  No.  61.  Asparagus  Culture.  No. 
62.  Marketing  Farm  Produce.  No.  63.  Care  of  Milk  on  the  Farm.  No.  64.  Ducks  and  Gee.se.  No.  66. 
Experiment  Station  Work— II.  No.  66.  Meadows  and  Pastures.  No.  68.  The  Black  Rot  of  the  Cab- 
bnge.  No.  69.  Experiment  Station  Work— III.  No.  70.  Insect  KneniicH  of  the  Grape.  No.  71.  Essen- 
tials in  Beef  Production.  No.  72.  Cattle  Ranges  of  the  Southwest.  No.  73.  Experiment  Station 
Work— IV.  No.  74.  Milk  as  Food.  No.  75.  TheGmIn  Smuts..  No.  77.  The  Liming  of  Soils.  No.  78. 
Experiment  Station  Work— V.  No.  79.  Experiment  Station  Work— VI.  No.  80.  The  Peach  Twig- 
borer.  No.  81.  Com  Culture  in  the  South.  No.  82.  The  Culture  of  Tobacco.  No.  83.  Tobacco  Soils. 
No.  84.  Experiment  Station  Work— VII.  No.  85.  Fish  as  Food.  No.  86.  Thirty  Poisonous  Plants.  No. 
87.  Experiment  Station  Work— VIII.  No.  88.  Alkali  Lands.  No.  91.  Potato  Disetises  and  Treatment. 
No.  92.  Experiment  Station  Work— IX.  No.  93.  Sugar  as  Food.  No.  94.  The  Vegetable  Garden.  No. 
95.  Good  Roads  for  Farmers.  No.  96.  Raising  Sheep  for  Mutton.  No.  97.  Experiment  Station  Work— 
X.  No.  98.  Suggestions  to  Southern  Farmers.  No.  99.  In.sect  Enemies  of  Shade  Trees.  No.  100.  Hog 
Raising  in  the  South.  No.  101.  Millets.  No.  102.  Southern  Forage  Plants.  No.  103.  Experiment 
Station  Work— XI.  No.  104.  Notes  on  Frost.  No.  105.  Experiment  Station  Work— XII.  No.  106. 
Breeds  of  Dairy  Cattle.  No.  107.  Experiment  Station  Work— XIII.  No.  108.  Saltbushes.  No.  109. 
Farmers'  Reading  Courses.  No.  110.  Rice  Culture  in  the  United  States.  No.  111.  Farmers'  Interest 
in  Good  Seed.  No.  112.  Bread  and  Bre^d  Making.  No.'  118.  The  Apple  and  How  to  Grow  It.  No. 
114.  Experiment  Station  Work- XIV.  No.  116.  Hop  Culture  in  Califoniia.  No.  116.  Irrigation  in 
Fniit  Growing.  No.  118.  Grape  Growing  in  the  South.  No.  119.  ExperimentStation  Work— XV.  No. 
120.  Insects  Affecting  Tobacco.  No.  121.  Beans,  Peas,  and  Other  Legumes  as  Food.  No.  122.  Experi- 
ment Station  Work— XVI.  No.  123.  Red  (Clover  Seed:  Information  for  Purchasers.  No.  124.  Experi- 
ment Station  Work— XVII.  No.  125..  Protection  of  Food  Products  from  Injurious  Temperatures.  No. 
126.  Practical  Suggestions  for  Farm  Buildings.  No.  127.  Important  Insecticides.  No.  128.  Eggs  and 
Their  Uses  as  Food.    No.  129.  Sweet  Potatoes.    No.  131.  Household  Tests  for  Detection  of  Oleomar- 

garine  and  Renovated  Butter.  No.  132.  Insect  Enemies  of  Growing  Wheat  No.  183.  Experiment 
tation  Work- XVIII.  No.  134.  Tree  Planting  in  Rural  School  Grounds.  No.  135.  Sorghum  Sirup 
Manufacture.  No.  186.  Earth  Roads.  No.  137.  The  Angora  Goat  No.  138.  Irrigation  in  Field  and 
Garden.  No.  139.  Emmer:  A  Grain  for  the  Semlarid  Regions.  No.  140.  Pineapple  Growing.  No.  141. 
Poultry  Raising  on  the  Farm.  No.  142.  Principles  of  Nutrition  and  Nutritive  Value  of  Food. 
No.  143.  The  Conformation  of  Beef  and  Dairy  Cattle.  No.  144.  Experiment  Station  Work— XIX. 
No.  145.  Carbon  Bisulphid  as  an  Insecticide.  No.  146.  Insecticides  and  Fungicides.  No.  147. 
Winter  Forage  Crops  for  the  South.  No.  148.  Celery  Culture.  No.  149.  Experiment  Station 
Work— XX.  No.  150.  Clearing  New  Land.  No.  151.  Dairying  in  the  South.  No.  152.  Scabiesin  Cattle. 
No.  153.  Orchard  Enemies  in  the  Pacific  Northwest  No.  154.  The  Home  Fruit  Garden:  Prepara- 
tion and  Care.  No.  156.  How  Insects  Affect  Health  in  Rural  Districts.  No.  156.  The  Home  Vineyard. 
No.  1.57.  The  Propagation  of  Plants.  No.  158.  How  to  Build  Small  Irrigation  Ditclies.  No.  159.  Scab 
in  Sheep.  No.  161.  Practical  Suggestions  for  B'ruit  Growers.  No.  162.  Experiment  Station  Work— 
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IRRIGATION  IN  FIELD  AND  GARDEN. 


nrTBOBTTGTIOH. 

Irrigation  should  be  recognized  as  an  agricultural  art  of  very  wide 
applicability  and  value.  Its  association  with  the  idea  of  desert  recla- 
mation has  blinded  the  public  mind  to  its  value  for  regions  where  the 
need  of  reclamation  does  not  exist.  Irrigation  is  a  means  of  soil 
improvement  to  be  employed,  like  other  means  of  improvement,  when 
the  soil  needs  it.  Water  is  the  most  important  food  of  plants,  not 
alone  because  it  enters  in  such  volume  into  their  tissues,  but  because 
without  it  in  adequate  amount  the  plant  can  not  use  other  foods  in 
sufficient  quantity.  No  one  questions  the  wisdom  of  the  saving  and 
storing  of  manures,  nor  the  wisdom  of  generous  outlay  for  commer- 
cial fertilizers  when  required.  The  same  is  true  of  soil  improvement 
by  means  of  drainage.  There  should  be  a  similar  feeling  in  regard  to 
irrigation. 

The  most  diligent  culture  and  the  most  generous  fertilization  are 
often  made  of  no  avail,  and  actual  loss  is  sometimes  incurred  because 
the  farmer  has  not  prepared  himself  to  supply  water  when  needed. 
The  water,  which  he  could  often  provide  for  a  mere  fraction  of  his 
expenditure  for  fertilizers,  often  for  less  annual  cost  than  the  interest 
on  his  investment  in  underdrainage,  he  has  neglected  to  have  ready 
for  use,  and  he  sees  the  hope  of  return  for  his  year's  labor  and  expendi- 
ture fade  away  during  a  few  weeks  of  drought.  There  have  been 
cases  where  water  has  been  stored  at  considerable  expense  as  a  pro- 
tection against  fire  in  barns  and  has  remained  unused  while  some 
valuable  crop  was  burning  up  in  the  garden.  Such  losses  are  largely 
due  to  two  things:  First,  the  notion  that  iiTigation  is  of  importance 
only  in  arid  regions;  and,  second,  ignorance  of  the  ease  and  cheapness 
with  which  a  farm  water  supply  can  be  stored  and  distributed.  It  is 
very  important  that  the  value  and  availability  of  water  for  irrigation 
should  be  recognized  and  a  supply  provided  on  each  farm. 

Irrigation,  moreover,  is  not  merely  a  recourse  to  insure  the  safety 
of  a  crop.     It  has  been  demonstrated  beyond  question  both  by  prac- 
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tical  experience  and  by  systematic  experiment  that  growth  and  pro- 
duction can  be  profitably  pushed  by  irrigation  even  when  the  natural 
moisture  seems  ample,  and  in  this  respect  irrigation  aligns  itself  with 
fertilization  and  cultivation  as  a  factor  in  intensive  culture. 

Another  error  grows  out  of  the  large  scale  upon  which  irrigation  is 
generally  known  to  be  carried  on,  involving  canals  and  ditches  too 
expensive  for  individual  undertaking.  The  impression  is  made  that 
considerable  capital  and  engineering  skill  are  necessary  to  success;  but 
as  a  matter  of  fact  profitable  irrigation  is  easily  attainable  by  small 
eflfort.  It  lends  itself  readily  to  small  individual  or  cooperative  under- 
taking, developing  water  whose  presence  may  be  almost  unsuspected,  or 
utilizing  water  which  ordinarily  is  either  wasted  or  is  a  positive  detri- 
ment when  not  turned  to  profitable  service.  It  is  the  purpose  of  this 
bulletin  to  present  suggestions  for  irrigation  of  this  kind. 

Small  irrigation  works  usually  require  neither  greater  skill,  labor, 
nor  outlay  than  other  farm  improvements  which  are  readily  under- 
taken. They  do  not  require  as  exact  engineering  as  underdrainage 
by  tiling,  and  the  whole  system,  both  for  development  and  storage  of 
water,  often  costs  much  less  per  acre  of  the  area  irrigated  than  does 
tiling.  The  work  is  more  readily  comparable  to  the  construction  of 
open  drains,  coupled  in  some  cases  with  reservoir  building,  which  is 
no  more  difficult  than  cellar  excavation  and  is  accomplished  with  a 
similar  outfit  of  teams,  plows,  and  scrapers.  The  man  of  ordinary 
skill  in  handling  these  tools,  who  can  turn  a  straight  furrow,  or  build 
a  straight  piece  of  fence,  and  can  do  these  things  well,  needs  only  a 
suggestion  of  the  feasibility  of  securing  a  home  water  supply  for  irri- 
gation, providing  his  conditions  are  favorable. 

The  first  thing  to  be  done  in  all  cases  is  to  make  a  careful  study  of 
the  whole  situation,  the  location  of  the  water  supply,  the  lay  of  the 
land,  and  its  requirements  of  water,  etc. 

BETE&MIlfnrO  LEVELS. 

A  fundamental  requirement  in  irrigation  on  whatever  scale  is  the 
determination  of  grades  and  levels.  On  small-scale  irrigation  works 
such  approximation  as  can  be  secured  by  careful  use  of  very  simple 
appliances  answers  the  purpose  very  well.  Although  the  surveyor's 
level  is  desirable,  this  can  be  dispensed  with  by  using  the  simple 
sighting  levels  described  in  books  on  drainage,  and  even  these  are  not 
essential,  for  a  home-made  appliance  can  be  made  to  give  satisfactory 
results.  Such  a  device  is  described  below,  which,  although  in  constant 
use  in  some  parts  of  the  country,  does  not  seem  to  be  widely  known. 
It  will  be  found  useful  in  nearly  all  kinds  of  farm  engineering  where 
the  location  of  grades  and  levels  is  necessaiy  and  no  special  hindrances 
intervene,  but  it  must  be  borne  in  mind  that  its  usefulness  depends 
entirely  upon  the  care  with  which  it  is  operated. 
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HOKE-MABE  IiEVEIiING  DJUViOE. 

The  use  of  a  leveling  triangle  (fig.  1)  was  suggested  to  small  irri- 
gators in  California  many  years  ago  by  a  prominent  irrigation  engineer, 
Mr.  C.  E.  Grunsky,  of  San  Francisco.     It  is  constructed  in  this  way: 

The  three  pieces  A  B,  B  C,  and  C  A  are  made  fast  to  each  other  at 
A,  B,  and  C.  The  board  B  D  is  fastened  to  the  triangle  at  right  angles 
to  A  C.  An  ordinary  carpenter's  sqy^re  used  in  the  construction  of 
the  apparatus  will  insure  sufficient  accuracy  in  the  position  of  B  D. 
Near  B,  on  the  board  B  D,  a  plumb  line  is  made  fast.  The  plumb  bob, 
like  a  mason's  plumb  bob,  hangs  in  a  hole,  so  that  when  B  D  is 
vertical  the  string  hangs  very  near  the  surface  of  the  board  B  D. 
When  B  D  is  exactly  vertical  A  C  is  exactly  horizontal,  if  the  angles 
at  D  are  true  right  angles. 

The  dimensions  of  the  triangle  may  be  about  as  follows:  A  C,  12 
feet  long;  A  B,  about  7  feet  3  inches;  C  B,  about  10  feet;  and  B  D, 


Fig.  1.— Leveling  device— trUngle  with  plumb  bob. 


about  6  feet  long.  Other  dimensions  will  do  as  well,  the  essential 
features  being  the  straight  board  A  C  and  the  board  B  D  at  right 
angles  to  it  and  near  enough  to  one  end  of  A  C  for  the  man  carrying 
that  end  of  the  triangle  to  see  accurately  the  position  of  the  plumb 
line.  The  board  B  D  should  not  be  less  than  4  feet  long,  or  the 
plumb  line  will  be  too  short  to  give  satisfactory  results.  It  will  fre- 
quently be  found  convenient  to  have  a  scale  of  feet  marked  off  on  A  C. 
In  marking  on  the  board  B  D  the  line  in  which  the  plumb  line  will 
hang  when  A  C  is  exactly  horizontal  considerable  care  is  required. 
Two  pegs  are  driven  into  the  ground  as  far  apart  as  A  and  C  for  these 
points  to  rest  on.  The  highest  one  is  driven  into  the  ground  until  the 
plumb  line  follows  about  the  center  line  of  the  board  B  D.  Having 
marked  this  position  of  the  plumb  line,  the  triangle  is  reversed  so 
that  the  end  B  rests  on  the  peg  where  before  we  had  the  end  C,  and 
vice  versa.     Should  the  plumb'  line  make  an  angle  with  the  first  line 
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marked  on  the  board,  then  the  correct  position  will  be  exactly  in  the 
middle  between  these  two  lines.  This  point  should  be  permanently 
marked  on  the  board  B  D;  in  using  the  triangle  when  the  plumb  line 
passes  through  this  point  the  base  of  the  triangle  will  be  level. 

DETEBMINATION  OF  LINE  OF  A  DITOH. 

To  use  this  instrument  for  locating  the  line  of  the  ditch,  calculate 
the  amount  which  the  grade  should  rise  in  a  distance  equal  to  the 
length  of  the  base  of  the  tiiangle  to  secure  the  fall  which  is  best  to 
convey  the  water,  according  to  character  of  soil,  etc.,  a  matter  which 
will  be  discussed  later.  Under  one  end  of  the  base  fasten  a  small 
block  with  a  thickness  equal  to  the  desired  rise.  Below  is  given  a 
table,  showing  the  thickness  of  blocks  which  should  be  used  on 
triangles  of  different  lengths  to  give  various  grades. 


Amotmt  of  fall  secured  and  thickness  of  blocks  required  wUh  triangles  of  several  lengths.^ 


Lezigth  of  baae  of  triangle. 


Thickness  of  blocks,  being  the  amount  of  fall  for  differ- 
ent triangles  and  for  different  grades,  per  mile. 


4-foot 
grade. 


&-foot 
grade. 


6-foot     7-foot     8-foot 
grade,   grade,    grade. 


9-foot    lO^oot 
grade,   grade. 


10.. 
11.. 
12.. 
15.. 
16.. 
16*. 


FbcL 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


t 


Inch. 


Inch. 


1  The  numbers  4  to  10  at  the  head  of  the  columns  are  the  number  of  feet  of  fall  in  the  ditches  per 
mile  of  length.  The  fractions  below  these  numbers  give  in  inches  the  fall  which  must  be  allowed  in 
the  length  of  the  triangle.    These  are  correct  to  the  nearest  one-sixteenth  of  an  inch. 

When  a  block  of  required  thickness  to  give  the  desired  grade  has 
been  fastened  to  the  triangle,  drive  a  peg  at  the  starting  point  with 
its  top,  say,  6  inches  from  the  proposed  bottom  of  the  ditch.  Place 
the  end  of  the  leveling  apparatus  under  which  the  block  is  fastened 
upon  this  peg,  with  the  other  end  pointing  in  the  general  direction 
from  which  the  ditch  is  to  come.  The  bottom  of  the  block  must  rest 
upon  the  top  of  the  peg.  Bring  the  apparatus  to  a  level  and  set  a  peg 
6  inches  long  so  that  its  top  just  touches  the  bottom  of  the  forward 
end  of  the  apparatus.  The  lower  end  of  this  last  peg  will  then  mark 
the  bottom  of  the  proposed  ditch.  This  operation  will  be  simplified 
by  putting  a  leg  just  6  inches  long  upon  the  forward  end  of  the  triangle. 
It  will  then  be  only  necessary  to  swing  the  triangle  around  until  the 
base  is  level,  when  this  leg  will  rest  upon  the  bottom  of  the  proposed 
ditch.  Drive  a  peg  here,  which  will,  like  the  first,  be  6  inches  high 
from  the  ditch  bottom,  carry  the  triangle  forward  to  this  peg,  and 
proceed  as  before. 

Contour  lines  for  checks  or  distributing  ditches  can  be  located  with 
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the  aid  of  the  triangle.  To  locate  a  contour  line  (a  line  passing  through 
points  of  equal  elevation),  as  required  in  the  construction  of  a  check 
levee,  drive  a  peg  until  its  top  has  a  convenient  elevation  from  the 
ground,  say  1  foot.  Put  a  leg  of  equal  length  on  one  end  of  the  tri- 
angle and  rest  the  other  end  on  the  peg,  then  swing  the  triangle 
around  until  the  plumb  line  shows  the  base  to  be  level.  At  this  point 
drive  a  second  peg  and  proceed  as  before.  If  the  pegs  are  driven  so 
that  the  tops  are  at  the  height  of  the  proposed  levee  they  may  be 
retained  as  grade  stakes  as  well  as  line  stakes  for  the  embankment. 

To  find  a  point  in  the  next  contour  line  below,  on  which  a  check 
levee  should  be  raised  so  that  its  embankment  will  hold  back  the  water 
to  the  base  of  the  higher  one,  begin  with  the  end  A  at  the  base  of  the 
upper  levee  and  level  the  triangle  in  the  direction  of  the  proposed 
levee,  measure  the  distance  from  the  end  C  to  the  surface;  from  this 
point  use  the  triangle  again  in  the  same  way  and  repeat  the  operation 
until  the  sum  of  all  the  measurements  made  from  C  to  the  surface  is 
equal  to  the  height  of  the  levee  it  is  intended  to  conatruct.  Having 
thus  found  a  starting  point  for  the  second  contour  line  proceed  to 
locate  tills  line  as  before. 

It  is  obvious  that  the  triangle  is  most  serviceable  in  determining 
grades  on  land  which  has  considerable  slope,  because  more  appreciable 
differences  in  grade  will  be  noted  in  each  use  of  its  length.  The  diffi- 
culty of  reaching  correct  conclusions  as  to  the  best  position  for  a  ditch 
or  contour  check  increases,  as  a  rule,  with  the  flattening  out  of  the 
surface.  But  the  use  of  the  triangle  is  only  recommended  for  small- 
scale  work  in  the  absence  of  more  accurate  instruments,  and  under 
such  conditions  it  is  very  serviceable. 

MEASUBEMEHT  OF  SMALL  STBEAMS. 

Before  discussing  sources  of  supply  it  is  important  to  cite  a  method 
by  which  the  quantity  of  water  available  in  a  small  brook,  outflow 
from  a  large  spring,  or  discharge  from  a  drainage  system  may  be 
easily  ascertained.  Without  an  estimate  of  the  supply,  reservoir 
building  or  the  determination  of  the  area  which  can  be  irrigated  is 
merely  guesswork.  Recourse  to  the  miner's  method  of  measurement 
is  best  for  such  sources  as  will  frequently  be  drawn  upon  for  the  farm 
supply.  It  consists  in  causing  the  water  to  flow  through  an  opening, 
the  capacity  of  which  is  known,  and  which  is  readily  capable  of  adjust- 
ment to  the  flow  in  any  case. 

A  simple  form  of  this  device  and  its  use  is  shown  in  fig.  2.  The 
illustration  represents  a  board  1  inch  thick,  12  inches  wide,  and  about 
8  feet  long.  The  opening  is  1  inch  wide  and  50  inches  long,  and  the 
distance  from  the  top  of  the  board  to  the  center  of  the  opening  is  exactly 
4  inches  on  the  upstream  side.  On  the  downstream  side  the  opening 
is  beveled  so  that  the  hole  presents  sharp  edges  to  the  stream.    A 
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sliding  board  is  hung  upon  the  top  of  the  first  board  with  a  strip 
screwed  along  its  upper  edge,  this  sliding  board  being  wide  enough  to 
cover  the  opening  on  the  upstream  side.  In  the  slot  there  is  a  closely- 
fitting  block  made  to  slide  on  the  beveled  edges,  and  fastened  by  a 
screw  to  the  sliding  board.  It  is  obvious,  then,  that  when  the  sliding 
board  is  moved  backward  or  forward,  by  means  of  its  end,  which  is 
extended  for  a  handle,  the  block  moves  in  the  slot  and  determines  the 
length  of  the  opening. 

In  operation  the  board  is  placed  in  the  stream  as  shown  in  the 
figure,  so  as  to  dam  the  flow  completely,  and  the  sliding  board  is 
moved  backward  or  forward  until  the  water  is  all  passing  through  the 
slot,  the  water  being  kept  up  to  the  top  of  the  board,  or  4  inches 
above  the  center  of  the  opening.  The  length  of  the  opening  measures 
the  number  of  miner's  inches  of  water  flowing  through.     If  the  flow 


FiQ.  2  — MeaBurement  of  a  brook  by  the  minei's  inch  method. 

is  too  great  to  pass  through  the  opening  1  inch  wide  the  opening  may 
be  made  wider,  the  water  still  to  be  kept  4  inches  above  the  center  of 
the  opening.  The  laws  of  several  States  provide  that  in  devices  for 
measuring  ^ater  for  sale  by  the  miner's  inch  the  opening  shall  be  6 
inches  high,  and  shall  be  provided  with  a  slide  as  shown  in  fig.  2. 
The  number  of  miner's  inches  then  discharged  is  equal  to  the  number 
of  square  inches  in  the  opening.  The  assumption  made  that  the  dis- 
charge is  proportional  to  the  size  of  the  opening  is  not  true,  but  the 
error  in  measuring  small  quantities  is  not  great  enough  to  be  taken 
into  consideration.  By  converting  the  results  of  measurements  in 
miner's  inches  to  gallons,  cubic  feet,  or  some  other  familiar  unit,  it 
may  be  determmed  how  long  it  will  take  the  stream  to  fill  a  reservoir 
or  cover  a  given  field  with  the  necessary  depth  of  water.  This  unit  is 
readily  convertible  into  cubic  feet  or  gallons  or  acre-inches  of  water, 
according  to  the  time  the  water  flows.  ^  t 
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The  following  data  will  be  helpful  in  computations:  One  miner's 
inch,  as  described  above,  equals  0.1496  gallon  per  second;  8.976 
gallons  per  minute;  638.56  gallons  per  hour;  12,925.44:  gallons  per 
day;  0.02  cubic  foot  per  second;  1.2  cubic  feet  per  minute;  72  cubic 
feet  per  hour.  One  acre-inch  of  water  (that  is,  1  inch  in  depth  over 
an  acre  of  surface)  equals  27,152  gallons,  or  3,630  cubic  feet,  and  1 
miner's  inch  will  supply  this  quantity  in  about  50.4  hours.  Thus  a 
simple  calculation  shows  that  a  little  stream  of  5  miner's  inches  will 
supply  enough  water  to  cover  an  acre  2.3  inches  deep  in  about  23 
hours — a  fair  amount  for  one  irrigation  of  soil  of  average  character  if  it 
has  not  been  allowed  to  become  too  dry  before  the  application;^  in 
fact,  this  is  an  average  amount  actually  used  for  an  irrigation  of 
shallow-rooted  plants  like  most  field  and  garden  crops. 

SOUEGES  OF  WATER  SUPPLY  AND  THEIE  USE. 

The  sources  of  water  supply  and  methods  of  use  most  frequently 
avaUable  for  a  single  farm  include  the  following:  Diversion  of  peren- 
nial streams;  development  in  dry  stream  beds;  development  of  springs; 
catchment  from  outcroppings  of  water-bearing  strata;  tunneling  to 
intercept  such  strata  when  deeply  covered;  flowing  wells;  pumping 
from  wells,  lakes,  or  streams,  and  storage  of  storm  water  from  surface 
flow  or  from  drainage  systems. 

DIVEBSION  FROM  STBEAKS. 

Diversion  from  perennial  streams  is  the  most  conunon  method  of 
securing  irrigation  water,  and  it  is  available  for  either  great  or  small 
undertakings  wherever  unappropriated  water  flows  in  suflScient 
amount.  In  the  regions  where  irrigation  is  most  widely  practiced 
there  may  no  longer  be  such  supplies  available,  but  in  the  newer  parts 
of  the  arid  region  and  quite  widely  in  the  humid  regions,  farms  are  so 
situated  that  stream  water  can  be  readily  secured. 

After  assuring  himself  in  the  manner  described  that  a  near-by  stream 
carries  sufficient  water  for  his  purpose,  the  next  step  for  the  farmer  is 
to  determine  whether  the  water  can  be  brought  to  his  land  at  a  reason- 
able expense.  This  will  depend  principally  upon  the  length  of  the 
ditch  which  must  be  constructed.  The  simplest  way  to  find  out  how 
long  the  ditch  must  be  is  to  run  a  line  having  the  necessary  grade  from 
the  bighest  point  of  the  land  to  be  irrigated  upstream  till  it  strikes  the 
stream.  The  grade  on  which  the  ditch  should  be  built,  and  conse- 
quently upon  which  this  preliminary  line  should  be  run,  will  depend 
upon  the  quantity  of  water  to  be  carried  and  the  nature  of  the  soil  ovei 
which  the  ditch  will  run.  In  general,  the  larger  the  ditch  and  the 
lighter  the  soil  the  smaller  the  fall  which  can  be  given  to  the  ditch; 

^For  the  water  capacity  of  difEerent  soils  see  U.  8.  Dept  Agr.,  Farmers'  Bui.  46, 

p.    14.  ^  T 
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and  the  shorter  the  ditch  the  smaller  the  fall.  However,  the  grade 
should  not  be  too  light,  for  the  ditch  may  have  to  be  made  larger  to 
carry  the  desired  supply  of  water.  On  the  other  hand,  the  grade  can 
not  be  very  heavy  or  the  strong  current  will  wear  away  the  ditch  banks. 
Therefore  the  range  of  the  grades  which  may  be  given  to  a  ditch  is 
limited.  In  ordinary  soils  a  grade  of  2  inches  in  100  feet  may  be  given 
to  small  ditches,  and  in  clay  soils  as  much  as  3  to  5  inches  in  100  feet 
may  be  given. 

Should  the  line  run  in  this  way  be  too  long,  the  stream  below  the 
point  where  the  line  strikes  it  should  be  examined  to  see  if  there  is  any 
place  where  the  water  can  be  raised  by  a  dam  high  enough  to  flow  into 
the  proposed  ditch.  In  case  no  such  place  is  found,  a  water  supplj" 
from  that  source  must  be  abandoned.  If  this  preliminary  line  shows 
that  the  water  can  be  brought  to  the  land  by  a  reasonable  expenditure 
of  labor  and  money,  the  ditch  line  should  be  carefully  located  as 
before  described  (p.  8). 

It  may  be  that  the  place  where  the  line  strikes  the  stream  is  not  a 
convenient  place  for  diverting  water.  In  such  a  case  the  head  of  the 
ditch  may  be  moved  upstream,  and  a  drop  put  in  to  avoid  too  heavy 
grades,  or  the  head  may  be  moved  downstream  and  the  water  raised 
to  the  ditch  by  a  dam. 

BtriLDING  THE   DITCH. 

Having  decided  upon  the  point  of  diversion  and  located  the  ditch 
line,  the  farmer  is  ready  to  build  the  ditch.  Experience  in  making 
drain  ditches  will  help  in  this.  But  there  is  this  diflference:  Drain 
ditches  must  be  kept  in  the  ground  as  deep  as  practicable,  while  irri- 
gation ditches  must  be  kept  as  near  the  surface  as  may  be,  in  order  that 
the  water  can  be  easily  taken  out.  The  line  of  the  ditch  should  first 
be  marked  by  a  furrow.  To  do  this,  let  one  man  guide  the  team, 
walking  between  the  heads  of  the  horses,  holding  a  bit  in  each  hand, 
while  another  holds  the  plow.  If  the  surface  of  the  ground  is  such  as 
to  permit  a  wagon  to  pass  along  the  line,  the  plow  may  be  attached  to 
the  rear  axle,  the  driver  directing  the  team  from  the  seat  of  the  wagon. 
The  furrow  should  be  turned  to  the  lower  side  of  the  ditch.  If  the 
surface  of  the  ground  is  comparatively  level  across  the  line  of  the 
ditch,  it  is  not  necessary  to  follow  the  stakes  closely  in  the  bends.  The 
ditch  will  be  better  for  being  straightened  a  little,  which  may  be  done 
by  going  above  the  stakes  that  locate  the  bends  nearest  the  stream 
and  below  the  stakes  farthest  away.  If  the  ground  slopes  very  much 
across  the  ditch  line  the  stakes  must  be  followed  closely.  After  the 
line  is  marked,  two  or  three  furrows  are  plowed,  all  being  turned  to 
the  lower  side.  A  farm  ditch  can  be  made  almost  wholly  with  an  ordi- 
nary plow  by  going  over  the  line  a  number  of  times.  The  loose  earth 
in  ttie  bottom  of  the  ditch  may  be  removed  with  a  scraper  or  shovels. 

A  small  stream  can  be  easily  diverted  into  a  ditch,  if  it  is  running 
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in  a  shallow  bed,  by  a  cross-stream  dam  of  posts  and  plank,  of  posts 
and  brush,  of  brush  and  rock  or  cobbles,  etc.  (fig.  3).  Such  structures 
are  not  usually  water-tight,  but  they  will  raise  the  water  to  the  level 
of  outflow  into  the  ditch  which  is  to  carry  it  to  the  land  to  be  irrigated 


Fio.  8.— Diverting  a  small  stream,  showing  brush  dam  and  headgate. 

or  to  the  reservoir  (fig.  4)  from  which  it  is  to  be  distributed.  A  better 
dam,  either  of  masonry  or  of  earth,  made  water-tight  by  a  puddle  bar 
of  clay,  may  last  for  a  long  time  in  a  small  stream  if  adequate  arrange- 
ments are  made  for  the  passage  of  waste  and  flood  water. 

Raising  a  small  stream  in  a  deep  bed  requires  a  dam  of  greater 
strength.     In  such  cases  it  is  safer  to  make  the  dam  of  timber  or 


Fio.  4.— Diversion  of  a  small  stream  into  a  reservoir. 

masonry  arching  upstream,  bedded  well  into  the  banks,  and  puddled 
well  above  with  clay,  to  prevent  leakage,  which  would  soon  undermine 
and  carry  down  an  otherwise  good  structure.  Such  a  dam  will  cause 
the  bed  of  the  stream  above  it  to  fill  with  sediment,  which  will  reduce 
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the  direct  pressure.  The  beginner,  however,  will  do  well  to  err  on  the 
safe  side,  if  at  all,  and  make  his  dam  twice  as  strong  as  might  seem  on 
first  thought  to  be  necessary. 

In  a  wider  stream  in  a  shallow  bed  enough  water  can  often  be 
diverted  by  a  wing  dam,  starting  just  below  the  head  of  the  ditch  and 
running  obliquely  up  the  stream  toward  its  center.  Such  a  dam  can 
be  easily  constructed  of  posts  and  brush,  or  of  any  coarse,  heavy 
mateml  which  is  ready  at  hand  or  most  cheaply  secured.  It  raises 
part  of  the  water  sufficiently  for  outflow  into  a  ditch  and  is  not  enough 
of  an  obstruction  to  be  torn  out  in  high  water,  or,  if  the  dam  is  partly 
destroyed,  it  can  be  cheaply  replaced. 


FIG.  5.— Details  of  a  headgate. 

At  the  point  of  diversion  from  the  stream  a  head  gate  should  be  put 
in.  This  is  a  very  simple  construction  of  plank  with  a  sliding  gate 
capable  of  being  raised  and  lowered.  It  will  protect  the  ditch  by 
keeping  the  water  out  in  time  of  high  water.  It  should  have  a  cross 
plank  on  the  stream  end,  so  that  the  water  shall  fall  over  the  plank, 
as  this  will  prevent  much  heavy  sediment  from  entering  the  ditch. 
Obviously  the  dam  must  raise  the  water  sufficiently  to  surmount  this 
obstruction.  The  accompanying  drawing  and  description  of  a  small 
head  gate  are  taken  from  the  Yearbook  of  the  United  States  Depart- 
ment of  Agriculture  for  1900.  ^  t 
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fig.  6  shows 'a  common  type  of  small  headgate.  It  consists  of  a  box  or  flame  6 
feet  long,  3  feet  wide,  and  3  feet  deep,  with  a  gate  (D)  at  the  end  nearest  the  creek. 
At  both  ends  the  sides  flare  at  an  angle  of  about  30  degrees.  Under  them,  1}  feet 
below  the  floor  of  the  stmctore  (C) ,  platform^  (A  and  B)  are  built  Both  of  these 
platforms  are  covered  with  earth  to  the  level  of  the  floor  (C).  Earth  is  also  care- 
fully tamped  around  the  outside  of  the  headgate. 

All  precautions  should  be  taken  to  prevent  water  from  working  along  the  outside 
of  the  headgate.  The  structure  may  be  undermined  in  a  short  time  if  only  a  small 
stream  finds  its  way  between  the  planks  and  the  earth.  The  flaring  wings  and  sub- 
merged platform  are  built  to  prevent  this  action,  and  also  to  make  the  structure 
secure  in  case  of  high  water. 

DEVELOPMENT  OF  WATEB  IN  DBT  STBEAK  BEDS. 

Development  of  water  in  dry  stream  beds  is  a  frequent  recourse 
where  the  bed  is  largely  composed  of  sand,  gravel,  or  rock  debris  of 
various  kinds.  In  the  arid  region  especially  the  visible  stream  is 
often  only  a  fraction  of  the  water  moving  along  a  stream  bed,  and 
when  no  water  is  in  sight  there  is  frequently  considerable  underflow 
during  the  dry  season.  On  large  streams  water  enough  has  been  inter- 
cepted to  supply  large  irrigation  enterprises,  and  in  many  cases  a 
small  stream  will  yield  a  valuable  farm  supply. 

The  first  thing  is  to  determine  by  a  prospect  in  the  dry  season 
whether  an  underflow  exists  when  the  surface  flow  has  ceased.  Select 
a  point  in  the  stream  bed  where  it  seems  to  be  confined  to  a  deep,  nar 
row  channel,  as  well  as  can  be  judged  by  the  steep,  rocky  banks,  and 
excavate  a  hole  or  well  down  to  water  and  open  out  the  bottom  so  as 
to  obtain  a  water  surface  like  that  in  a  well.  By  observing  this  it  can 
be  determined  whether  a  water  pocket  or  an  underground  stream  has 
been  struck.  In  case  of  a  stream  the  movement  can  be  detected  by  the 
collection  of  light  litter,  etc. ,  on  the  downstream  side,  or,  in  case  of 
a  considerable  movement,  the  flow  of  the  water  can  be  detected  by  the 
action  of  the  lighter  sediment.  If  no  movement  can  be  detected,  the 
effect  of  pumping  from  the  hole  will  give  an  idea  of  the  amount  of 
water  available  by  the  length  of  time  the  hole  will  stand  pumping. 

Supposing  the  prospect  is  promising  by  the  tests  applied,  the  stop- 
page of  underflow  by  a  submerged  dam  is  the  next  step.  To  construct 
this  an  excavation  must  be  made  across  the  stream  bed  to  rock  or  hard 
clay  on  the  banks,  and  must  be  carried  down  to  bed  rock  or  hardpan 
at  the  bottom  of  the  channel.  Ordinary  precautions  against  caving  of 
the  sides  of  this  wide  trench  must  be  taken  according  to  the  nature 
of  the  material  found.  The  water  must  be  temporarily  dammed  and 
forced  to  flow  through  a  pipe  or  box.  Then  the  closest  possible  con- 
tact must  be  secured  by  effecting  a  lodgment  in  impervious  material 
at  the  sides  and  bottom,  and  the  dam  should  be  constructed  of  concrete 
rich  in  cement,  the  upstream  face  being  well  plastered  with  cement  or 
with  a  coating  of  asphaltum,  if  available.     When  the  work  has  set 
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well,  the  temporary  escape  of  the  water  may  be  stopped  and  the  loose 
material  replaced  on  both  sides  of  the  dam.  The  top  of  the  dam 
usually  rises  sufficiently  above  the  stream  bed  to  hold  back  a  certain 
depth  of  visible  water  (fig.  6),  and  to  deliver  it  at  a  level  where  it  can 
be  conveniently  taken  into  a  pipe  or  flume  and  carried  to  a  ditch 
below,  where  firm  ground  is  reached.  Of  course  the  water  can  often 
be  taken  out  by  an  underground  pipe  from  a  low  point  in  the  dam  if 
the  grade  to  the  point  of  use  is  sharp  enough. 

Holding  water  by  a  submerged  dam  has  advantages.  It  employs  a 
subterranean  reservoir  and  largely  reduces  loss  by  evaporation,  which 
is  so  great  in  surface  storage.  It  is  also  a  reservoir  presumably  with 
tight  sides,  else  the  prospect  would  not  have  shown  sufficient  water  to 
impound.     It  is  a  safe  dam,  because  it  offers  no  resistance  to  freshets. 


Fio.  6.— Sabmerged  dam  in  dry  creek  bed. 

If  it  lacks  elevation  for  outflow,  it  serves  as  a  fine  cistern  for  pump- 
ing, and  conserves  water  for  that  purpose.  A  point  of  excellence  in 
a  submerged  dam  is  its  perfect  bedding  and  construction  so  as  to  be 
water-tight.  This  is  not  always  attained,  especially  when  the  attempt 
is  made  to  intercept  a  wide  valley  stream  without  definite  banks,  and 
some  submerged  dams  are  not  as  efficient  as  calculated  upon.  In  work 
on  a  small  scale  it  is  not  advised  to  try  any  experiment  with  such  a 
source.  For  the  farm  supply  the  underground  stream  should  be 
comparatively  small  and  well  confined  on  both  sides. 

DEVELOPIIENT  OF  SPRINGS. 

The  opening  up  of  springs  is  often  a  very  satisfactory  means  of 
obtaining  a  farm  supply  of  irrigation  water.  Their  development  some- 
times consists  in  the  excavation  of  a  reservoir  in  a  piece  of  springy  or 
marshy  ground,  or  in  laying  underdrains  to  take  their  flow  and  connect* 
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ing  them  with  a  more  conveDient  reservoir  site  at  a  distance.  Some- 
times a  spring  whose  flow  can  not  be  recovered  from  the  area  of  boggy 
gromid  below  it  can  be  opened  up  and  its  water  readily  directed  to  a 
single  channel,  or  to  a  pipe  leading  to  a  reservoir  (figs.  7  and  8).     By 
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FtQ.  7.— A  bog  hole  oansed  by  water  from  a  spring. 

this  means  waste  land,  which  is  both  useless  and  treacherous,  is 
reclaimed  and  made  productive,  while  at  the  same  time  the  waste  water 
which  destroyed  it  is  utilized  to  make  other  lands  more  productive. 
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Fig.  8.— Bog  hole  made  to  yield  clean  water  for  stock  and  irrigation. 

Many  farms  have  blemishes  of  this  kind  to  be  removed,  and  long  and 
costly  channels  are  cut  merely  to  provide  an  outflow  to  a  water  course. 
It  would  often  be  less  expensive  to  include  a  system  for  irrigation,  and 
thus  to  double  the  return  for  the  necessary  expenditure.  Foul  mud 
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holes,  which  are  mamtained  for  watering  stock,  can  be  made  to  yield  a 
wholesome  water  supply  for  stock  and  an  irrigation  supply  for  the 
farm  garden  by  piping  from  the  reservoir  which  can  be  constructed  on 
the  site  of  the  old  mud  hole  at  a  little  cost.  All  these  improvements 
can  be  accomplished  by  the  ordinary  methods  and  materials  for  under- 
ground drainage,  and  therefore  need  not  be  further  discussed  in  this 
connection. 

There  is,  however,  one  matter  in  connection  with  a  projected  utiliza- 
tion of  a  spring  or  any  small  outcropping  of  water  to  which  careful 
attention  should  be  given,  and  that  is  approximate  knowledge  of  the 
amount  of  water  which  can  be  made  available.  This  may  be  obtained 
before  investment  of  labor  or  material  is  made  by  opening  up  the 
spring  thoroughly,  cleaning  it  out  to  expose  its  outflow,  and  measuring 
the  flow  in  a  water-tight  basin  or  a  vessel  of  known  capacity.  Note  the 
time  required  to  fill  the  vessel,  and  it  can  be  quickly  calculated  how 
much  the  spring  will  yield  in  twenty-four  hours.  Almost  everyone 
will  be  surprised  at  the  result  of  the  measurement;  a  trickle  of  water 
thought  to  be  too  insignificant  for  consideration  will  be  found  to 
yield  a  very  effective  continuous  flow,  if  the  water  is  collected. 
A  5-gallon  oil  can  is  a  handy  measure.  Suppose  the  spring  fills  it  in 
twonodnutes,  the  yield  would  then  be  3,600  gallons  in  twenty-four  hours, 
or  108,000  gallons  in  one  month,  and  this  amount  is  equivalent  to  nearly 
4  inches  of  rainfall  on  an  acre  of  ground.  Such  an  amount,  if  care- 
fully collected  and  applied,  would  keep  a  garden  of  small  fruits  and 
vegetables  in  good  growth,  even  with  very  little  rainfall,  if  the  soil  be 
of  fairly  retentive  character;  as  a  safety  supply  against  the  short 
droughts  of  the  humid  region  it  would  rescue  a  crop  which  might  be 
worth  several  hundred  dollars. 

Thus  a  little  outflow  from  a  spring,  which  might  pass  away  unnoticed 
underground  or  at  most  by  surface  flow  would  only  make  a  sedgy 
streak  across  a  corner  of  a  field,  can  be  made  a  potent  factor  in  pro- 
duction. Of  course,  in  handling  water  from  such  a  small  source  of 
supply  it  must  be  constantly  protected  from  loss.  It  would  disappear 
in  an  open  ditch  in  a  short  time.  Usually  it  must  be  conveyed  in  a 
pipe  to  a  tank  or  tight  reservoir  and  collected  in  sufficient  volume  to 
cover  quite  an  area  at  each  application. 

OOLLEOTION  OF  WATER  FROM  SIDES  OF  OANYONS  AND 

BA VINES. 

In  the  same  class  with  development  of  springs  is  the  collection  of 
water  from  banks  in  canyons  or  ravines  where  floods  have  uncovered 
water-bearing  strata.  Water  seeps  out  on  these  surfaces  and  sinks 
away  in  the  debris  which  is  usually  found  in  such  places,  reaching  at 
length  the  stream  bed  and  passing  away  as  surface  flow  or  underflow, 
according  to  the  character  of  the  stream  bed.     Sometimes,  where  tbe 
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difficulty  of  making  the  submerged  dam  is  too  great,  the  outcropping 
from  the  bank  alone  may  yield  as  much  as  a  good  spring  and  be 
secured  by  cutting  out  a  ditch  at  the  bottom  of  the  bank,  cementing 
it  or  clay-bedding  it  well  or  bedding  in  a  plank  box  and  connecting 
by  a  pipe  with  a  reservoir  in  the  same  way  as  in  case  of  a  spring. 

TTTKNELINO  POB  WATEK. 

Tunneling  to  intercept  water-bearing  strata  is  frequently  resorted 
to.  Such  tunnels  have  been  aptly  called  '^  horizontal  wells."  In  Cali- 
fornia thousands  of  them  have  been  carried  into  hillsides  to  secure 
water  for  irrigation  and  for  domestic  uses,  both  in  town  and  country. 
Outcropping  of  water  at  the  bases  of  slopes,  or  at  the  mouths  of 
depressions  connecting  hillsides,  often  suggests  tunneling.  The  pur- 
pose is  to  cross  the  strata  inclining  toward  the  tunnel,  and  any  availa- 
ble suggestion  as  to  the  dip  of  the  strata  in  the  hill,  from  seepage  or 
otherwise,  is  important. 

The  writer  knows  of  a  case  where  several  tunnels  were  nm  into  a 
hillside  at  different  points  and  none  of  them  yielded  in  satisfactory 
amount,  though  carried  seveml  hundred  feet  into  the  side  of  the  hill. 
Afterwards  it  was  noticed  that  the  base  of  the  other  side  of  the  hill 
showed  springs,  while  the  side  which  had  been  tunneled  showed  none. 
The  owner  on  one  side  lost  all  his  investment  in  tunneling,  while  the 
owner  on  the  other  side  secured  all  the  water  by  merely  opening 
springs,  because  the  strata  on  the  hill  inclined  his  way.  Tunneling 
is,  therefore,  not  a  sure  way  to  get  water,  and  some  horizontal  wells 
may  be  as  dry  as  some  vertical  wells. 

Again,  there  may  be  a  quick  rush  of  water  into  a  tunnel  which  will 
drive  out  the  workmen  and  almost  as  quickly  cease.  In  such  a  case  a 
sort  of  water  pocket  or  the  upper  part  of  a  water  stratum  is  pierced 
and  its  supply  soon  drawn  off.  And  yet  many  tunnels  are  very  satis- 
factory and  enduring  in  their  flow.  One  of  considerable  length  is 
known  to  the  writer,  the  mouth  of  which  was  walled  up  by  the  owner, 
an  iron  pipe  and  valve  being  securely  bedded  in  cement  mortar,  and 
the  tunnel  made  to  constitute  an  underground  reservoir  as  well  as  a 
source  of  supply,  the  water  being  drawn  off  as  desired  for  domestic 
use  and  for  garden  irrigation.  Drifting  and  timbering  are  involved 
in  this  line  of  water  development,  but  they  are  not  easily  understood, 
and  skilled  workmen  are  necessary  for  such  construction. 

FLOWDfa  WELLS. 

Flowing  wells  are  largely  employed  for  irrigation  in  regions  where 
such  a  supply  can  be  secui*ed.  Their  cost  and  availability  are  quite  fully 
understood  in  those  regions.  It  must  be  said,  however,  that  although 
constantly  flowing  water,  at  a  proper  elevation  for  distribution  by 
gravity,  would  seem  to  be  an  ideal  source  of  supply,  it  is  not  an 
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unmixed  blessing  anless  properly  controlled.  Proper  control,  by 
impounding  in  a  reservoir  or  by  capping  the  well  so  that  its  flow  can 
be  stopped  when  there  is  no  immediate  use  for  the  water,  is  essential. 
In  great  enterprises  the  flow  can  be  constantly  used  and  the  wells  can 
gush  unceasingly,  but  on  the  farm  flowing  water  in  excess  of  needs  is 
apt  to  destroy  much  land.  Again,  a  small  flowing  well  such  as  can  be 
cheaply  secured  in  some  places  is  apt  to  cease  to  flow  in  a  time  of  pro- 
tracted drought,  just  when  its  flow  is  most  desirable. 

The  behavior  of  this  class  of  shallow  flowing  wells  is  shown  by 
recent  experience  in  parts  of  California  in  which  there  have  been  three 
successive  years  of  deficient  rainfall.  There  are  belts  where  there  has 
always  been  until  this  drought  a  flow  from  small  artesian  wells, 
which  arcr  chiefly  used  for  domestic  and  stock  purposes;  and,  as  the 
ground  water  was  near  the  surface,  the  crops  and  trees  were  trusted 
to  do  their  own  pumping  if  they  needed  more  moisture  than  rainfall 
afforded.  During  this  drought  these  wells  ceased  to  flow,  and  the 
ground  water  sank  too  low  for  the  shallow  root  system  of  the  trees, 
and  out  of  reach  also  of  the  roots  of  field  crops.  Alfalfa  fields  died 
out,  not  because  the  water  was  out  of  reach  of  sdfalf a  plants  trained  to 
seek  their  own  supplies,  but  because  the  usually  high  ground  water 
discouraged  deep  rooting,  and  the  sinking  of  this  water  left  the  plants 
high  and  dry  and  dead.  Hundreds  of  acres  of  rich  land  were  bare  and 
desolate,  although  the  water  stood  but  7  to  10  feet  below  the  surface. 
This  seems  almost  incredible  in  view  of  what  has  been  recently  learned 
of  cheap  pumping.  It  was  the  freely  expressed  local  opinion  that 
these  flowing  wells  had  proved  a  curse.  If  the  water  had  never  flowed 
their  owners  would  long  ago  have  had  recourse  to  pumping.  If  it  had 
never  flowed,  there  would  not  have  been  the  increase  of  alkali  due  to 
surface  flooding  from  such  wells,  with  not  volume  enough  to  carry  the 
alkali  away  below. 

But  while  this  is  true,  there  are  also  flowing  wells  of  great  output  and 
of  enduring  flow,  which  are  rendering  thousands  of  acres  of  arid  land 
productive.  Such  full  information  on  the  subject  of  artesian  wells, 
both  those  which  flow  and  those  which  require  pumping,  is  so  easily 
available  in  the  publications  of  the  Department  of  Agriculture'  that 
further  discussion  is  not  necessary  here. 

PUMPING  FOB  IBBIOATION. 

Undoubtedly  the  most  interesting  and  important  phase  of  recent 
progress  in  irrigation  practice  is  found  in  the  use  of  the  pump  as  a 
source  of  supply.  Wonderful  results  have  been  achieved  in  increasing 
the  efSciency  of  pumps  and  motors  and  reducing  their  cost  of  operation. 
Individual  owners  have  often  secured  water  by  boring  or  digging  wells 

*  Notably  in  the  Reports  to  CongresB  on  the  Arteeian  and  Underflow  Investigations, 
1892. 
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and  the  use  of  a  pump  for  much  less  than  they  could  buy  it  from  ditch 
companies  and  thus  are  enabled  to  use  more  water  and  at  more  con- 
venient times  with  less  outlay.  For  this  home  supply  all  sorts  of  wells 
and  all  kinds  of  prunps  and  motors  are  being  used,  according  to  local 
conditions  of  subterranean  water-bearing  strata  and  local  power  sup- 
plies. The  subject  is  too  wide  and  varied  for  discussion  in  this  place. 
It  should  be  studied  with  the  help  of  the  best  local  well  borers  and 
mechanical  engineers  and  mechanics. 

Several  things  are  now  very  clear,  viz:  That  the  capacity  of  all  open- 
ings into  underground  water  should  be  tested  by  pumping  to  determine 
what  is  the  available  supply;  that,  this  being  known,  the  motor  and 
pump  should  be  adapted  to  the  supply  by  a  competent  expert  and  pur- 
chased under  contract  that  they  shall  actually  perform  the  service  con- 
templated with  the  specified  cost  of  fuel;  that  there  is  such  great 
difference  in  efficiency  and  working  cost  between  the  modern  pumping 
outfits  and  those  of  even  a  few  years  ago  that  one  can  not  afford  to 
accept  an  old-style  outfit  even  as  a  gift;  that  makeshifts  of  discarded 
thrashing  engines  and  second-hand  pumps  are  too  great  an  extrava- 
gance to  be  indulged  in.  These  suggestions  apply  of  course  to  aU 
sources  of  pumped  water,  including  wells,  lakes,  and  streams. 

The  development  of  pumping  from  local  sources  of  supply  has  not 
only  made  individual  farmers  independent  of  distant  supplies,  but  it 
has  led  to  the  organization  of  many  neighborhood  cooperative  under- 
takings which  are  proving  very  satisfactory,  and  has  led  also  to  travel- 
ing pumping  plants,  on  wheels  and  on  flat  boats.  All  such  undertakings 
seem  to  be  satisfactory  when  they  are  up  to  date  in  machinery  and 
methods. 

On  many  farms  there  are  already  wells  with  windmills  and  pumps, 
for  supplying  water  for  stock,  which  can  be  utilized  to  raise  a  good 
garden  of  vegetables  and  small  fruits,  or  to  save  a  garden  crop  in  a 
shoii;  season  of  drought.  Either  the  mill  is  shut  down  much  of  the 
time  or  the  water  is  allowed  to  waste  onto  the  ground  around  the 
watering  trough.  The  only  added  investment  necessary  in  order  to 
use  this  waste  is  for  a  tank  or  reservoir  to  hold  the  waste  water  until 
enough  has  accumulated  to  be  of  use.  The  water  from  an  oidinary 
pump  will  flow  but  a  few  feet  from  the  well  if  allowed  to  run  on  the 
ground,  but  if  it  is  collected  in  a  tank  or  reservoir,  and  run  out  in  a 
good-sized  stream,  it  can  be  caiTied  for  a  considerable  distance,  even 
in  an  open  ditch,  and  much  farther  in  a  pipe  or  trough,  and  can  be 
made  to  water  quite  an  area  of  garden. 

STORAGE  OF  STOBH  WATER. 

A  good  supply  of  water  for  irrigation  can  sometimes  be  secured  by 
collecting  and  storing  the  run-off  during  storms  from  lands  lying 
higher  than  those  to  be  watered.     Such  a  source  of  supply  is  obviously 
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kss  trustworthy  in  an  arid  than  in  a  humid  region,  because  of  the 
smaller  rainfall,  the  greater  evaporation,  and  the  length  of  time  the 
impounded  water  must  be  exposed  to  loss  from  that  source.  Under 
such  conditions  reservoirs  simply  for  storing  storm  waters  are  often 
not  worth  their  cost.  In  regions  having  heavy  summer  showers  it 
may  be  very  diflferent,  because  a  comparatively  short  time  may  intervene 
between  the  falling  of  the  water  and  the  occasion  for  its  use.  Storm 
water  is  collected  by  damming  a  ravine  or  dry  run  which  carries  the 
water  running  off  from  the  higher  lands,  and  storing  the  water  either 
in  a  reservoir  formed  by  the  dam  or  in  a  reservoir  constructed  out  of 
the  course  of  the  stream  to  which  the  water  is  conducted  through  a 
ditch  heading  just  above  the  dam. 

The  impounding  of  water  by  means  of  a  dam  across  the  mouth  of 
a  small  ravine  of  canyon  is  often  feasible,  and  quite  a  pond  may  be 
secured  by  a  few  days'  work  with  plows  and  scrapers;  or  a  swale 
through  which  the  stream  passes  may  be  scooped  out  into  a  reservoir. 
In  such  work,  however,  one  must  know  fully  the  character  of  the 
stream  and  the  area  of  its  watershed,  and  not  undertake  to  restrain  a 
stream  of  great  flood  power,  though  it  be  but  rarely  manifested.  Such 
work  has  led  to  great  injury  to  lands  and  improvements  below. 

Aside  from  such  dangers,  there  are  at  least  two  objections  to 
creating  a  reservoir  in  the  bed  of  a  stream.  One  is  the  chance  of  leak- 
age; another  is  the  rapid  filling  of  the  pond  by  the  sediment  carried 
by  the  flood  water,  thus  decreasing  the  capacity  of  the  reservoir. 
Stopping  the  mouths  of  ravines  is  open  to  both  these  objections,  and 
is  also  disappointing,  because  in  most  cases  much  less  storage  capacity 
is  secured  than  is  expected,  unless  the  dam  be  raised  quite  high,  and 
this  multiplies  cost  and  danger  with  great  rapidity.  It  is  seldom 
desirable  to  enter  upon  such  undertakings  without  competent  engineer- 
ing advice.  For  these  and  other  reasons  the  reservoir  for  storm 
water,  as  for  the  gradual  accumulation  of  a  small  flow,  should  in  most 
cases  be  located  out  of  the  course  of  the  stream. 

Small  reservoirs  in  connection  with  farm  irrigation  works  are 
desirable,  from  many  points  of  view,  and  in  making  use  of  small  runs 
of  water  are  indispensable  A  small  stream  allowed  to  flow  constantly, 
no  matter  from  what  source,  is  of  almost  no  use  for  irrigation,  because 
it  will  not  flow  any  distance  when  applied  to  the  ground.  But  by 
saving  the  water  in  a  tank  or  reservoir  a  strong  stream  can  be  made 
available  for  a  short  time,  and  will  spread  over  a  considerable  area. 
The  advantage  and  the  cheapness  with  which  such  reservoirs  can  be 
secured  need  not  be  enlarged  upon  in  this  connection,  for  full  atten- 
tion has  been  paid  to  them  in  other  publications  of  this  series.^ 

^U.  S.  Dept  Agr.,  Farmers'  Buls.  46  and  116,  and  Yearbook  for  1896,  p.  187. 
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DISTBIBTmON  OF  IBBIOATION  WATEB. 

For  the  conveyance  of  water  from  the  source  of  supply  to  the 
ground  to  be  irrigated,  as  well  for  its  distribution  thereon,  the  ditch  is 
the  prevailing  agency.  The  laying  out  and  construction  of  ditches 
has  been  already  discussed.^ 

Their  obvious  advantages  are  cheapness  and  durability.  The  chief 
disadvantage  lies  in  the  loss  of  water  by  evaporation  and  seepage. 
Where  the  water  supply  is  scant  and  where  the  soil  is  so  open  that  the 
loss  of  water  by  seepage  is  likely  to  cause  injury  to  good  land  on 
lower  levels,  the  saving  of  these  losses  may  justify  the  expenditure 
necessary  to  prevent  seepage  by  paving  or  cementing  the  ditch,  or  to 
insure  delivery  of  water  without  loss  from  any  cause  by  the  use  of  a 
pipe  line.  These  are  usually  questions  connected  with  large  irriga* 
tion  enterprises  rather  than  with  the  use  of  a  farm  supply,  and  yet 
they  sometimes  arise  in  connection  with  the  latter.  In  regions  where 
the  ground  does  not  freeze  a  thin  coating  of  cement  or  asphaltum  on 
well-made  ditch  banks  and  bottoms  will  prevent  all  losses  from  seepage. 
Where  flat  stones  are  plentiful,  they  are  readily  made  into  a  stone 
ditch  with  cement  mortar.  Such  ditch  linings  are,  however,  liable  to 
be  upheaved  by  freezing  and  are  safe  only  in  moderate  winter  climates. 

The  board  flume  is  upon  the  whole  the  most  available  recourse  when 
the  simple  open  ditch  will  not  answer,  and  the  cheapest  flume  for  car- 
rying a  small  stream  of  water  is  the  V-shaped  trough  of  two  wide 
boards  nailed  together  along  two  edges  and  bedded  in  the  soil  with 
short  cross-pieces  under  the  end  joints.  This  prevents  loss  of  water 
by  seepage,  reduces  friction,  and  delivers  the  water  rapidly  with  a 
very  slight  fall  and  escapes  the  erosion  of  a  dirt  ditch  if  the  slope  is 
sharp.  Even  where  the  water  must  be  carried  over  an  uneven  sur- 
face in  a  flume  supported  by  stakes  and  cross  pieces,  the  bedded 
V  flume  is  still  desirable  for  the  parts  where  a  good  grade  in  the  earth 
can  be  found. 

The  various  ways  in  which  water  is  distributed  for  the  growth  of 
fruits,  according  to  the  slope  of  the  ground  and  character  of  the  soil, 
have  been  discussed  in  such  detail  in  Farmers'  Bulletin  No.  116  that 
the  reader  is  again  referred  to  that  publication.  The  principles  and 
practices  there  presented  are  also  of  wide  applicability  to  the  use  of 
water  for  field  and  garden  crops,  and  should  be  considered  therewith. 

Distribution  by  a  system  of  underground  pipes  with  standpipes, 
hose,  and  sprinkling  devices  is  not  widely  practicable,  because  of  the 
cost  of  the  outfit.  It  is  true  that  in  intensive  horticulture  the  return 
may  be  so  great  from  a  small  area  that  the  investment  may  be  found 
profitable,  but  such  investment  is  out  of  the  question  for  common 
crops,  and  the  cheaper  way  secures  a  welcome  saving  in  the  cost  of 

^8ee  also  Yearbook  U.  S.  Department  of  Agricaltare,  1900,  p.  492. 
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production  of  even  the  highest-priced  commodities.  One  must  be 
quite  sure  of  his  market  when  he  makes  large  investment  in  facilities 
for  production,  and  the  fact  that  market  gardeners  and  small  fruit 
growers  in  irrigated  regions  never  resort  to  the  showering  method  is 
a  demonstration  that  tiiie  risk  involved  in  such  large  investment  is 
unnecessary.  For  the  growing  of  home  supplies  or  comimodities  for 
sale  in  low  markets  the  investment  required  for  showering  would 
piuctically  prohibit  resort  to  irrigation. 

IiOOATING  THE  7ABH  DITOH. 

Contour  lines  are  prime  factors  in  all  systems  of  distribution  of 
water  by  natural  flow,  or,  as  they  are  commonly  called,  gravity  systems. 
For  this  reason  pains  should  be  taken  even  in  small  undertakings  to 
mark  out  these  lines  with  approximate  accuracy.  The  use  of  the 
triangle  for  work  of  this  kind  has  already  been  suggested.  From  the 
highest  point  on  the  land  to  which  the  water  can  be  brought  the  main 
supply  ditch  should  be  laid  out  as  nearly  along  a  contour  line  as  will 
give  sufficient  fall  for  the  water  to  flow.  If  this  main  ditch  be  care- 
fully laid  out  and  well  made  the  water  can  be  taken  out  and  carried  by 
lateral  ditches  or  flumes  along  lines  of  nearly  equal  elevation  in  any 
direction  in  which  there  is  a  slope  away  from  the  main  ditch,  or  it  may 
be  dropped  from  the  main  ditch  through  pipes  or  wooden  flumes  to 
lower  lines  or  ridges  from  which  distribution  c«n  be  made. 

By  studying  the  relations  of  the  different  surfaces,  or  irrigation 
faces,  to  each  other  and  correcting  visual  impressions  with  the  use  of 
the  triangle,  the  farmer  can  carry  the  water  to  every  point  of  a  very 
uneven  piece  of  land  and  successfully  avoid  both  cutting  and  overflow 
throughout  his  whole  system  of  ditches  and  flumes.  This  is  done  by 
getting  even  grades  and  the  least  fall  which  will  move  the  water.  The 
general  tendency  is  to  give  ditches  too  great  a  fall. 

DEVICES  FOB  TUBNINO  WATEB  FBOH  DITCHES. 

The  crudest  way  to  turn  water  from  a  ditch  is  to  make  a  cut  in  the 
side  with  a  spade  and  throw  the  dirt  into  the  ditch  to  make  a  dam. 
Some  simple  home-made  devices  will  obviate  the  manifest  disadvan- 
tages of  this  method.  Three  will  be  described,  and  others  will  suggest 
themselves  to  the  ingenious  irrigator. 

The  cloth  dam  (fig.  9)  is  very  widely  used.  It  consists  of  a  rectan- 
gular piece  of  stout,  closely-woven  cloth  or  canvas,  one  side  of  which 
is  rolled  around  and  nailed  to  a  crosspiece  of  wood  of  length  and 
strength  according  to  the  size  of  the  ditch  and  the  amount  of  water  to 
be  dammed.  Sometimes  it  is  made  with  a  hem  across  one  side  deep 
enough  to  allow  the  crosspiece  to  be  thrust  through  the  hem.  In 
using  the  dam,  place  the  stick  across  the  top  of  the  dry  ditch  where 
it  is  desired  to  throw  the  water  out;  draw  the  lower  edge  of  the  cloth 
up  the  bottom  of  the  ditch  and  place  a  little  dirt  on  the  corners.     (See 
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PiQ.  9.— The  cloth  dam. 


fig.  12,  p.  27.)  The  canvas  must  always  be  large  enough  to  have  several 
inches  lap  against  the  sides  of  the  ditch;  otherwise  it  will  not  retain 
all  the  water.  Should  the  ditch  have  a  steep  grade  it  will  be  necessary 
to  let  the  canvas  fill  up  gradually,  as  a  sudden  rush  of  water  would 
force  the  cloth  from  its  position.  When  the  dam  is  in  position  it  will 
be  necessary  to  cut 
the  bank  of  the 
ditch  at  the  places 
where  the  water 
is  wanted.  Two 
cloth  dams  will  be 
needed  in  order  to 
place  one  in  posi- 
tion while  the  other 
throws  the  water 
out  above,  it  being 
difScult  to  lay  the 
canvas  under  a  full 
head  of  water.  The  water  will  press  the  canvas  against  the  sides  and 
bottom  of  the  ditch,  so  that  none  can  escape.  To  remove  the  cloth, 
take  hold  of  one  end  of  the  scantling  and  pull  slowly  upstream. 

A  metal  dam  or  ^'tappoon"  is  on  some  accounts  preferable  to  the 
cloth,  and  it,  too,  is  readily  made.  Heavy  sheet  iron  is  cut  into  semi- 
circular shape  and  the  straight  edge  is  securely  fastened  between  two 
narrow  strips  of  wood  by  carriage  bolts  which  pass  through  the  strips 
and  through  holes  punched  in  the  iron  sheet  (fig.  10),  or  it  may  be  more 

cheaply  made  by  securely  nail- 
ing the  iron  to  one  side  of  a 
single  thicker  strip  of  wood, 
like  a  piece  of  scantling. 
These  metal  dams  are  made  of 
different  sizes  according  to  the 
ditch  in  which  they  are  to  be 
used,  their  diameter  being  a 
little  more  than  the  width  of 
the  ditch,  as  the  edges  must 

FIG.  10.-The  metal  dam  or  tappoon,  ^   ^^^^^   ^^^^  ^  jj^^j^  ^^^ 

into  the  earth  of  the  ditch  banks  and  bottom.  They  are  placed  in  the 
ditch  at  or  near  the  point  where  it  is  desired  tojturn  out  the  water. 
These  metal  dams  are  also  used  in  the  openings  in  the  banks  of  ditches 
either  to  close  them  when  checks  are  full,  or  to  partly  close  them  and 
still  permit  part  of  the  stream  to  enter  the  check  to  balance  the  soak- 
ing away.  They  are  made  with  sliding  gates,  as  shown  in  fig.  10,  to 
be  used  when  part  of  the  stream  is  to  be  allowed  to  pass  through  for 
any  purpose. 
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Portable  wooden  dams  are  also  used  and  are  of  similar  form  to  the 
metal  dams.  They  serve  a  good  purpose,  but  are  more  cumbersome, 
more  likely  to  give  out,  and  more  diflScult  to  make  water-tight  except 
with  some  shoveling.  Wooden  dams  are,  however,  of  much  use  in 
quite  small  ditches  and  as  gates  for  handling  small  outflows  into  checks, 
etc.  Figure  11  shows  a  simple  wooden  contrivance  which  is  widely 
used.  It  is  made  of  an  inch  board  6  or  more  inches  wide  and  14  inches 
long.  The  lower  end  is  pointed  so  as  to  be  readily  driven  into  soft 
ground.  Above  are  two  holes  about  an  inch  in  diameter,  one  or  both 
to  be  used  according  to  the  flow  of  water  desired. 
The  cut  is  made  in  the  ditch  and  the  board  driven 
well  toward  the  inside  of  the  ditch  to  avoid  a 
niche  to  catch  sediment.  If  a  large  flow  is  desired 
the  board  is  pulled  out  and  afterwards  replaced 
when  it  is  desired  to  stop  or  reduce  the  flow.  This 
device  works  very  well  in  small  ditches. 

METHODS  OF  APPLYING  WATEB. 

When  the  distributing  system  has  been  secured 
methods  of  application  to  the  land  must  be  deter- 
mined upon  in  accordance  with  the  slope  of  the 
various  irrigation  faces  and  the  crops  to  be  grown 
upon  them. 

The  methods  in  which  application  is  made  in 
field  and  garden  practice  include  the  following: 

(1)  Free  flooding,  or  running  water  without 
restraint  except  that  afforded  by  the  banks  of 
the  laterals  conveying  it. 

(2)  Flooding  in  contour  checks,  or  irregular-shaped  inclosures 
which  are  determined  in  size  and  shape  by  the  inequalities  of  the  sur- 
face. 

(3)  Flooding  in  rectangular  checks,  or  inclosures  which  are  approxi- 
mately of  equal  size  and  with  level  bottoms. 

(4)  Depressed  beds,  with  raised  ditches  on  the  levees  which  hold  the 
water  until  it  soaks  away  among  the  inclosed  plants — a  garden  modifi- 
cation of  the  rectangular-check  system. 

(5)  Ridge  irrigation,  in  which  plants  are  grown  on  the  sides  or  at  the 
bases  of  raised  ditches — a  simple  form  of  depressed-bed  irrigation. 

(6)  Furrow  flowing,  or  running  water  in  one  or  more  furrows 
between  the  rows  of  crops  grown  in  that  way. 

(7)  Raised-bed  irrigation,  in  which  the  water  is  taken  by  seepage 
and  capillary  action  from  a  small  ditch  on  each  side — a  modification  of 
the  furrow  system. 

(8)  Subirrigation,  or  distribution  by  means  of  pipes  with  suitable 


Fio.  11.— Small  board  dam 
or  gate. 
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outlets,  or  from  blind  ditches  filled  with  material  permitting  circula- 
tion of  water  which  will  reach  the  plant  roots  by  capillary  action. 

(9)  Underflow  irrigation,  by  which  the  ground  water  is  raised  by 
percolation  from  ditches  at  intervals  of  considerable  distance — ^the 
plant  roots  being  reached  directly  or  by  capillary  movement. 

(10)  Distribution  under  pressure  in  underground  pipes,  with  stand- 
pipes  and  connections  for  sprinkling. 

FREE  FIiOODING. 

Free  flooding  is  the  oldest  and  simplest  form  of  field  irrigation  and 
consists  in  turning  water  out  upon  the  land  with  only  the  incidental 
restraint  of  the  banks  of  the  ditches,  from  which  it  is  released  usually 


Fio.  12.— Irrigation  of  a  grain  field  by  free  flooding,  showing  cloth  dam  in  position. 


by  spade  cuts  at  intervals,  or  by  overflowing  the  banks  themselves. 
On  slopes  the  water  may  be  carried  in  temporary  laterals  plowed  out 
approximately  on  the  level,  or  such  laterals  may  be  permanently  made 
and  retained,  as  their  low  sloping  banks  need  not  interfere  with  the 
crossing  of  field  machinery.  The  water  has  free  flow  down  the  slope 
until  the  overflow  is  caught  by  the  next  ditch  below  and  flows  from  it 
to  the  lower  slopes. 

The  evenness  of  the  distribution  depends  in  part  upon  the  uniform 
grade  of  the  land  and  its  freedom  from  knolls  or  hummocks  and  in 
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pert  upon  the  ditches  being  lerel;  for  then  as  they  fill  there  is  an 
overflow  aU  along  the  lower  banks  and  all  points  are  reached  in  the 
downward  movement  of  the  water.  On  nearly  level  lands  the  tempo- 
rary ditches  are  made  by  plowing  two  furrows  thrown  away  from  each 
other,  or  by  making  a  furrow  with  a  double  moldboard  plow.  A  ditch 
thus  roughed  out  may  need  but  little  cleaning,  as  very  free  flow  of 
water  is  not  generally  desired. 

The  water  is  made  to  rise  in  the  ditch  by  damming  with  earth,  a 
cloth  dam,  or  a  metal  tappoon,  as  already  described,  and  is  released 
by  cuts  in  the  bank  as  shown  in  fig.  12.  The  irrigator  aids  the  water 
to  reach  slighted  parts  by  a  little  work  with  a  spade  here  and  there. 
When  one  section  of  the  field  is  thoroughly  wet  the  dam  is  moved  to  a 
lower  point,  and  so  on.  This  method  of  irrigation  is  best  suited  for 
small  grain  and  forage  plants,  but  the  difficulty  of  securing  an  even 
spread  of  water  and  the  amount  of  work  required  in  handling  the  water 
have  caused  its  abandonment  in  many  places  for  one  of  the  check  sys- 
tems, which  require  some  outlay  in  first  cost,  but  enable  the  irrigator 
to.do  better  work  afterwards  with  a  minimum  of  labor.  Where  irri- 
gation is  not  regularly  needed  a  recourse  to  free  flooding  may  save  a 
crop  when  threatened  by  temporary  drought.  It  is  also  used  to  some 
extent  in  the  drier  parts  of  California  for  winter  irrigation  of  land  to 
be  plowed  and  sown  to  grain  aa  soon  as  the  soil  dries  sufficiently  for  it. 
Land  deeply  soaked  in  winter  will  mature  a  grain  crop  without  subse- 
quent irrigation.  In  this  case  it  is  merely  a  substitute  for  winter 
rainfall. 

FLOODINa  IN  OONTOtTB  OHSOKS. 

Preparing  a  field  for  flooding  in  contour  checks  consists  in  throwing 
up  low  levees  approximately  on  contour  lines,  with  cross  levees  at 
intervals  to  limit  the  area  of  the  checks.  This  method  is  best  suited 
to  land  of  very  gentle  slope— -land  which  the  eye  would  judge  to  be 
nearly  level.  The  main  idea  is  to  restrain  the  water  with  levees  which 
will  not  prevent  crossing  with  farm  machinery,  and  which  therefore 
should  not  be  much  more  than  1  foot  in  height  and  usually  less  than 
that.  The  contour  lines  showing  1  foot  differences  in  elevation  must 
be  some  distance  apart  to  leave  inclosed  areas  large  enough  to  make  it 
worth  while,  and  this  can  only  happen  on  nearly  level  land.  In  order 
to  cover  the  whole  surface  the  levee  on  the  lower  line  or  side  must 
always  be  a  little  higher  than  the  difference  in  elevation  between  the 
bases  of  the  two  levees,  because  it  is  seldom  a  check  can  be  made 
brimful,  and  unless  that  is  done  the  water  would  not  be  set  back  to  the 
base  of  the  levee  on  the  higher  line. 

On  land  with  very  much  slope  the  checks  would  obviously  be  too 
small  and  the  levees  too  high  and  expensive,  and  they  would  interfere 
too  seriously  with  the  operation  of  machinery  to  make  the  system 
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practicable.  On  the  other  hand,  for  nearly  level  land  to  be  put  down 
permanently  into  grasses  or  clover,  the  contour-check  method  is  con- 
stantly growing  in  favor,  and  has  largely  displaced  the  niore  elaborate 
rectangular-check  system,  which  will  be  discussed  later. 

Contour  checks  were  formerly  used  only  in  connection  with  lateral 
ditches  leading  down  the  slope  in  the  line  of  greatest  fall,  and  the  levees 
were  run  each  way  from  these  ditches  and  the  checks  filled  from  gates 
or  temporary  openings  in  the  sides  of  the  ditches.  This  is  still  done, 
and  is  desirable  in  large  j&elds  suitably  laid  oflf  by  a  surveyor.  For 
smaller  fields,  however,  and  without  professional  assistance,  the  lat- 
erals can  be  largely  dispensed  with  and  the  contour  checks  filled  one 
from  the  other  with  very  simple  gates  to  control  the  flow  of  water. 

It  is  very  common  in  California  to  see  quite  large  fields  of  alfalfa  in 
which  all  the  laying  off  and  levee  construction  have  been  done  by  home 
skill  and  with  farm  teams  and  tools.  The  way  is,  in  outline,  as  fol- 
lows: Plow  the  whole  field  deeply  and  then  begin  at  the  highest  point 
in  the  field  at  which  water  can  be  delivered  by  a  supply  ditch.  Use 
the  triangle  and  run  a  level  line  each  way  from  this  point  to  the  side 
of  the  field.  Then  return  to  the  supply  point  and  proceed,  as  described 
on  page  9,  to  find  a  point  at,  say,  1  foot  lower  elevation.  When 
that  is  done  work  both  ways  from  the  starting  point  until  that  line  is 
carried  to  the  sides  of  the  field.  If  stakes  rising  about  18  inches  from 
the  jsurf ace  have  been  used  to  mark  the  line,  these  will  show  the  top 
of  the  levee  to  be  constructed.  When  the  whole  field  has  been  marked 
in  this  way,  loose  dirt  is  gathered  up  with  team  and  scraper  and 
placed  along  the  levee  lines.  But  only  a  light  skimming  is  taken,  that 
the  surface  may  be  kept  free  from  depressions.  If  there  are  knolls 
and  hummocks,  they  are  scraped  off  and  put  into  the  levees  and  more 
plowing  done  here  and  there  as  needed.  On  the  sides  of  the  field  a 
continuous  levee  is  made  to  hold  the  water  where  wanted.  If  the 
levees  are  very  far  apart  and  the  checks,  therefore,  too  large  for  the 
stream  of  water  in  use,  they  are  reduced  in  size  by  running  cross 
levees.  After  the  scraper  work  is  done  the  levee  is  shaped  into  a 
low,  rounded  form  with  hand  tools,  if  the  job  is  a  small  one,  and  then 
the  whole  field  is  harrowed  lightly  so  as  to  even  the  slopes  without 
dragging  down  the  levees  too  much.  If  the  dirt  has  been  dumped  to 
the  top  of  18-inch  stakes,  the  harrowing  and  subsequent  settling  wiU 
reduce  it  quite  as  much  as  is  admissible  and  still  have  it  set  water  back 
to  the  upper  levee  a  foot  higher.  On  small  work  much  less  than  a 
foot  difference  in  elevation  is  often  used  and  the  levees  are  propor- 
tionally lower. 

If  the  checks  are  to  be  filled  from  each  other  (fig.  18),  simple  water 
gates  are  placed  in  the  levees  at  such  places  and  distances  as  one  can 
best  judge  will  facilitate  the  distribution  of  the  water.  These  gates 
are  simply  boxes,  each  having  a  bottom  and  two  sides,  with  slats  across 
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the  top  to  hold  the  sides  in  place.  About  the  middle  and  on  ttie  inside 
of  each  side  two  cleats  are  nailed  just  the  right  distance  apart  to  admit 
the  sliding  board  or  gate  to  pass  up  and  down  between  them.  These 
gates  are  about  a  foot  high  and  wide  in  small  work,  and  larger  if  a 
large  stream  of  water  is  available.  Where  cross  levees  are  used  to 
make  smaller  checks,  more  gates  are  placed  in  the  highest  levee,  so  as 
to  allow  the  water  to  flow  down  in  one  direction  and  then  in  another 
until  all  the  series  have  been  filled. 

Sometimes  the  contour  check  system  is  used  without  gates  by  sim- 
ply allowing  the  water  to  fill  the  higher  checks  and  then  flow  over  the 
levee  into  the  next,  and  so  on.  In  this  case  the  levees  are  quite  low 
and  the  checks  are  small. 

As  a  rule  the  size  of  the  check  should  depend  upon  the  head  or 
stream  of  water  to  be  used,  and  all  the  appurtenances  should  be  in  pro- 
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Fig.  18.— Check  system,  with  gates  for  filliog  one  check  from  another. 

portion.  The  check  should  be  of  such  size  as  to  be  quickly  filled,  else 
the  lower  side  will  be  saturated  and  the  upper  side  merely  moistened. 
This  method  of  irrigation  is  largely  used  for  alfalfa,  and  haying 
machinery  is  readily  worked  over  the  levees,  which  are,  of  course, 
covered  with  the  plant  as  well  as  the  bottoms  of  the  checks.  It  is  also 
used  for  grain  growing,  the  levees  being  plowed,  harrowed,  and 
reaped  just  as  are  the  inclosed  spaces. 

FLOODING  IN  BECTANGULAB  CHECKS. 

Flooding  in  rectangular  checks  has  been  largely  superseded  by  the 
use  of  contour  checks,  except  in  orchard,  vineyard,  and  garden  work. 
Unless  the  land  is  very  nearly  on  a  level,  much  earth  has  to  be  shifted 
in  making  the  rectangular  inclosures,  and  the  levees  are  of  irregular 
heights,  while  levees  on  contour  lines  are  practically  uniform.  There 
is,  consequently,  greater  diflBculty  in  passing  machinery  over  them. 
For  orchard  and  vineyard,  where  the  rectangular  arrangement  of  the 
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trees  and  vines  continually  interferes  with  contour  work,  rectangular 
checks  are  widely  used  where  the  character  of  the  soil  calls  for  flood- 
ing.^ They  may  be  large,  inclosing  quite  an  area  of  vines  or  trees, 
or  they  may  be  very  small,  even  but  10  feet  square.  This,  of  course, 
depends  upon  the  grade  of  the  land. 

For  the  growth  of  garden  truck,  also,  the  rectangular  arrangement 
accords  with  the  rows  in  which  such  products  are  grown,  and  fig.  14 
represents  a  typical  scene  in  a  market  garden  operated  on  this  system. 
In  such  cases  the  laying  off  is  temporary,  as  when  the  crops  are 
gathered,  or  at  the  end  of  the  season's  succession  of  crops,  the  levees 
are  plowed  down,  and  then  the  whole  field  thoroughly  plowed  and 
harrowed  and  the  levee  system  restored,  sometimes  by  backing  fur- 
rows each  way  and  finishing  with  hand  took  or  by  using  a  ridger, 
etc.,  pictured  and  described  in  a  previous  farmers'  bulletin.' 

In  small  gardens  it  may  be  thought  better  to  retain  the  levee  system 
and  work  the  bottoms  of  the  checks  with  fork  or  spade,  according  to 


Fig.  14.— Rectangular  checks,  with  arrangements  for  filling  from  a  lateral  ditch. 

the  usual  methods  of  hand-power  gardening.  In  field  work  on  level 
land  the  checks  may  be  so  large  that  teams  are  used  inside  the 
levees,  and  in  that  case  the  irrigation  arrangements  are  permanent. 
Whether,  however,  the  levees  be  temporary  or  permanent,  the  water 
is  applied  about  the  same  way  already  described  for  che  contour  check 
system. 

In  the  most  satisfactory  work  in  rectangular  checks  the  check  bot- 
toms are  approximately  leveled  by  scraping  the  hummocks  into  the 
low  places,  using  surplus  dirt  for  the  levees.  Gitiding  or  leveling  is 
veiy  desirable  and  the  initial  cost  is  returned  many  times  over  in  the 
ease  and  satisfaction  with  which  the  water  is  evenly  distributed  inside 
the  check.  This  is  often  done  by  running  small  furrows  between  the 
plants  in  the  check  bottoms  so  that  the  water  is  led  t^^is  way  and  that 
until  all  the  plants  are  equally  supplied. 

^See  U.  S.  Dept.  Agr.  Farmers'  Bui.  116. 

•See  U.  8.  Dept  Agr.  Farmers'  Bui.  116,  pp.  30,  31. 
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THE  DEFBESSED  BED. 

The  depressed  bed,  largely  used  in  the  growing  of  vegetables  and 
small  fruits,  is  really  a  form  of  rectangular  checking.  In  this  case, 
however,  the  levees  are  widened  so  that  they  are  not  merely  boundaries 
to  confine  the  spread  of  the  water  to  the  inclosed  areas,  but  they  are 
also  made  to  carry  water  to  these  areas  by  small  raised  ditches  which 
are  made  upon  their  tops.  Fig.  15  shows  an  arrangement  of  this  kind. 
It  is  best  for  light,  sandy  loam,  which  has  slight  retentiveness  and 
therefore  loses  moisture  rapidly  both  by  drainage  and  surface  evapora- 
tion and  must  be  frequently  irrigated. 

Shallow  rooting  plants  like  strawberries,  which  would  perish  by  the 
methods  of  irrigation  employed  for  them  on  more  retentive  soil,  and 
which  will  be  described  presently,  make  very  satisfactory  growth  and 
have  a  long  fruiting  season  if  grown  in  a  depressed  bed,  especially  if 
they  are  mulched  well  with  rotten  straw  or  coarse  manure  and  the 
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Fio.  15.— Depressed  bed  for  vegetables  and  BtrawberrieB. 

water  allowed  to  distribute  itself  under  this  cover  by  admission  from 
the  raised  ditch  at  several  points  at  the  same  time.  The  ditch  at  the 
surface  level  is  much  less  satisfactory  in  such  work;  consequently  it 
is  run  along  the  top  of  the  levee.  This  arrangement  is  particularly 
adapted  to  very  light  soils,  as  stated,  and  especially  in  the  hotter  parts 
of  the  arid  region,  where  water  has  to  be  applied  once  or  twice  a  week 
to  shallow  rooting  plants  and  where  the  shading  of  the  ground  by  a 
mulch  lowers  its  temperature  and  protects  the  t'oots  from  heat,  which 
would  be  apt  to  destroy  them  in  spite  of  the  frequent  use  of  water 
alone.  This  recourse  takes  the  place  of  mulching  and  sprinkling  and 
is  vastly  better  for  a  hot,  arid  locality.  The  sprinkled  water  flies  off 
from  the  mulch  with  great  rapidity  and  much  water  is  used  with  little 
benefit  to  the  plant,  while  the  filling  of  the  depressed  bed  from  the 
ditch  and  spreading  the  water  through  and  under  the  mulch  is  very 
economical  of  water  and  of  most  direct  advantage  to  the  plant. 
For  the  hot,  dry  season  of  the  year,  in  places  where  there  is  no 
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danger  of  supersaturating  the  soil,  tlie  depressed  bed  is  available  for 
all  kinds  of  vegetables  and  small  fruits  and  flowers,  and  the  use  of  this 
system  is  really  the  secret  of  success  in  growing  them  in  some  regions. 
It  is  quite  widely  employed  also  by  market  gardeners  and  others, 
even  where  heat  is  not  excessive,  but  where  a  light,  sandy  soil  pre- 
dominates. A  prominent  example  of  this  is  in  the  sand  hills  south  of 
San  Francisco,  where  the  vegetable  growers,  who  are  largely  natives 
of  the  Mediterranean  countries,  have  transformed  large  areas  of 
hillsides  into  terraces  and  on  these  have  arranged  depressed  beds, 
chiefly  of  quite  small  areas,  and  are  growing  large  quantities  of  garden 
truck.  The  water  is  raised  by  windmills  and  pumps  from  wells  in 
the  low  places  and  delivered  into  small  flumes  which  run  from  the 
windmill  towers  to  the  opposite  hillsides,  supported  by  very  light, 
high  trestles.  The  water  is  then,  after  supplying  the  highest  terrace, 
conveyed  most  ingeniously  by  troughs  or  small  ditches  from  terrace 
to  terrace  until  all  the  beds  have  been  filled.  The  terraces  are  so 
narrow  and  the  beds  on  them  so  small  and  irregular  in  shape  that 
depressing  them  and  filling  them  from  time  to  time  seems  about  the 
only  available  way  to  make  use  of  such  little  corners  of  leachy  soil. 
The  system  calls  for  an  inmiense  amount  of  hard  hand  work,  but  the 
Mediterranean  immigrant  seems  born  to  it. 

DITOH-BANX  rBBIGATION. 

A  simple  form  of  depressed-bed  imgation,  and  one  which  is  readily 
available  for  home  garden  work  in  the  arid  region,  may  be  called 
"ditch-bank  irrigation."  It  aims  to  use  the  water  percolating  from  a 
raised  ditch,  which  will  moisten  the  slope  of  the  bank  and  the  soil  for 
a  certain  distance  outward  from  its  base.  Its  prototype  is  perhaps 
the  old  permanent  ditch  of  the  Spanish  settlers,  which  was  opened  out 
from  a  stream  on  a  grade  favoring  a  slow  flow,  and  whatever  land  on 
each  side  was  thus  moistened  was  used  for  a  few  beans,  onions,  and 
peppers,  which  were  about  the  only  vegetables  these  settlers  required. 
In  the  depressed-bed  system  the  banks  of  the  water-carrying  levees 
are  usually  set  full  of  quickly  maturing  vegetables. 

Ditch-bank  irrigation  consists  in  a  sort  of  a  combination  of  the  old 
Spanish  practice  with  some  part  of  the  more  systematic  depressed-bed 
practice  of  the  Italian  market  gardeners.  The  method  is  to  plow  in 
deeply  a  good  covering  of  manure  and  harrow  thoroughly  until  the 
land  is  well  settled.  Then  find  a  direction  in  which  the  land  is  nearly 
level  and  back  two  or  more  furrows  to  form  a  ridge.  Rake  over  the 
surface,  shaping  up  the  ridge  evenly,  and  on  its  crest  mark  out  a 
narrow  ditch  with  the  hoe.  Connect  the  head  of  this  ditch  with  the 
water  supply  and  run  in  a  small  stream,  aiding  its  course  with  a  little 
cutting  and  filling  until  it  runs  evenly  the  whole  length  of  the  ridge. 
This  will  settle  the  ground,  and  some  smoothing  with  the  rake  will  be 
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needed.  When  the  ground  is  in  good  shape,  sow  the  seed  or  set  the 
plants  along  the  top  and  sides  of  the  ridge  and  along  the  base  also.  If 
the  soil  is  not  too  leachy,  the  water  will  percolate  slowly  and  evenly 
and  moisten  the  soil  without  cropping  out  on  the  surface.  The  ridges 
can  be  multiplied  and  distribution  of  water  to  their  several  heads  be 
arranged  with  troughs  or  otherwise,  and  the  overflow  at  the  ends  can 
be  led  away  to  trees  or  clover  patches.  Water  can  be  run  from  time 
to  time  to  these  channels  as  required,  and  the  banks  and  bases  can  be 
used  for  a  succession  of  vegetables. 

The  method  requires  work  and  care  to  arrange  the  grade,  etc. ,  in 
the  first  instance,  but  for  the  rest  of  the  season  the  irrigation  is  auto- 
matic, though,  of  course,  much  hand  hoeing  will  have  to  be  done 
among  the  plants,  for  the  constant  presence  of  moisture  and  manure 
makes  large  weeds  as  well  as  vegetables.  It  is  surprising,  however, 
how  large  a  home  supply  of  vegetables  in  variety  can  be  grown  on  200 
or  300  feet  of  ditch  bank  while  all  the  rest  of  the  landscape  may  sear. 

IBBIGATINa  IK  FUItKOWS. 

The  furrow  system  is  the  simplest,  cheapest,  and  most  widely  used 
method  of  irrigating  all  field  and  garden  crops  which  can  be  grown  to 


Fio.  16.— Field  irrigation  by  the  small-furrow  system. 

advantage  in  rows  (fig.  16).  It  is  practicable  on  surfaces  diflFering 
widely  in  slope  and  in  soil  characteristics.  If  the  slope  be  not  too 
shaip  to  carry  a  small  stream  without  much  cutting,  the  rows  are  run 
straight  down  the  grade  from  the  lateral  or  flume  running  along  the 
crest  or  ridge  of  highest  ground;  if  the  descent  be  too  rapid,  the  rows 
are  run  diagonally  from  the  supply  diteh  at  whatever  angle  gives  the 
proper  slope.  The  distance  a  stream  in  a  furrow  can  be  carried  suc- 
cessfully depends  upon  the  nature  of  the  soil  and  the  size  of  the  stream. 
The  coarser  the  soil  the  larger  the  stream  or  the  shorter  the  distance. 
With  shallow-rooting  plants,  like  those  comprising  most  field  and 
garden  crops,  a  larger  stream  and  a  shorter  run  are  used  than  in  irri- 
gating fruit  trees,  because  it  is  desirable  to  have  the  water  spread 
freely  nearer  the  surface.     For  this  reason,  and  to  secure  more  even 
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distribution  over  the  field,  a  second  lateral  ditch  or  flume  is  taken 
across  the  slope  at  a  distance  of  40  rods  or  so  from  the  first,  and  a 
lower  length  of  furrows  is  fed  from  this  secondary  source. 

The  whole  system,  then,  on  a  broad,  gentle  slope  would  consist  in  a 
supply  ditch  passing  down  the  slope  with  laterals  at  right  angles  or  on 
contour  lines,  from  which  the  water  is  admitted  to  the  furrows  made 
with  a  small  double  moldboard  plow  between  the  rows  of  plants.  The 
lateral,  whether  it  be  ditch  or  flume,  should  be  as  nearly  level  as  pos- 
sible and  kept  well  filled  with  water,  so  that  the  amounts  discharged 
at  the  openings  shall  be  nearly  equal.  The  openings  are  simply  cuts 
in  the  side  of  the  ditch,  each  one  supplying  several  furrows,  and 
divided  with  hoed  or  shoveled  ways  in  the  earth.  If  the  flume  is  used, 
the  water  is  taken  out  through  holes  bored  at  proper  intervals  in  the 
sides,  and  if  the  slope  along  the  line  of  the  flume  is  too  rapid,  the 
lengths  of  the  flume  are  leveled  and  "drops"  arranged  for  the  water 


Fig.  17.— Furrow  irrigation  on  a  alope  with  stepped  flumes  and  drop. 

from  one  length  to  the  neict.  Thus  a  series  of  flume  lengths,  each  one 
level,  may  be  carried  down  quite  a  slope  by  steps  (fig.  17),  and  give 
equal  discharge  of  water  for  all  the  furrows  of  a  wide  field. 

There  are  very  many  ways  by  which  water  may  be  brought  to  the 
heads  of  the  furrows,  such  as  movable  troughs,  canvas  hose,  etc., 
according  to  the  local  conditions  and  the  ingenuity  of  the  operator.  If 
the  soil  is  not  too  porous,  the  furrow  method  is  a  good  recourse  when 
a  small  stream  of  water  running  continuously  has  to  be  used;  for  it  is 
easy  to  arrange  so  that  attention  need  be  given  to  it  only  at  intervals 
and  the  irrigator  can  proceed  with  his  other  work. 

This  furrow  irrigation  operates  on  a  flat-culture  basis.  As  soon  as 
the  ground  dries  sufficiently  a  cultivator  is  used  between  the  rows  and 
the  ground  leveled  and  pulverized  as  thoroughly  as  possible  to  prevent 
surface  evaporation  and  baking  of  the  soil.  When  another  irrigation 
is  needed  new  furrows  are  made,  as  before.  ^  t 
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KAISED-BED  IBBIGATION. 

A  very  important  modification  of  the  furrow  system  is  the  raised 
bed,  which,  under  certain  circumstances,  is  of  great  value  in  the  vege- 
table and  small-fruit  plantation.  The  raised  bed  is  an  elevation  between 
two  irrigating  furrows.  The  field  is  laid  oflF  in  narrow  lands  and' 
several  furrows  thrown  together  so  as  to  bring  dead  furrows  about 
four  feet  apart,  making  long  beds  extending  down  the  grade  with  their 
surface  raised  several  inches  above  the  old  level.  The  motive  is  to 
arrange  a  plant  bed  with  a  water  course  on  each  side  and  below  its  sur- 
face level  (fig.  18).  The  whole  plan  is  just  the  opposite  of  the  depressed 
bed  with  raised  ditches  alread}^  described,  and  is  obviously  to  meet 
quite  different  conditions.  It  is  especially  suited  to  a  mther  heavy  soil 
in  which  water  will  move  well  laterally,  rise  well,  and  be  retained. 
Irrigation  is  accomplished  by  holding  water  for  a  time  in  the  ditches. 
Where  the  ground  is  sloping  it  is  held  in  levels  by  dirt  dams  or  by  the 
cloth  or  metal  dams  already  described,  placed  at  intei*vals  as  required 
to  raise  the  water  nearly  to  the  ground  surface. 


^ 


Pig.  18.— The  raised-bed  system  for  vegetables  and  small  fruits. 


The  arrangement  has  several  advantages  for  the  market  gardener 
and  is  largely  used  by  those  of  foreign  birth,  who  rely  upon  hand  work 
and  desire  to  carr}'  as  many  plants  as  possible  per  acre;  for  their  rents 
for  rich  land  near  cities  are  usually  high.  It  enables  them  to  plant  in 
close  rows  and  in  starting  young  plants  it  gives  standing  water  along- 
side, which  they  can  easily  flirt  out  with  a  pan  or  shovel  when  they 
think  a  little  sprinkling  is  desirable.  The  Italian  gardeners  have  a 
knack  of  doing  this  which  is  very  interesting. 

The  chief  advantages,  however,  are  the  distribution  of  water  beneath 
the  surface,  which  lessens  the  need  of  surface  cultivation,  and  when 
the  vegetables  are  well  grown  obviates  the  decay  which  comes  to 
foliage  by  contact  with  a  moist  surface.  The  same  is  true  of  the  use 
of  raised  beds  for  strawberries  when  gfrown  on  the  heavier  loams  or 
when  the  light,  shallow  loams  overlie  hardpan  and  require  frequent 
irrigation. 

Another  very  important  advantage  of  the  raised  bed  lies  in  its 
adaptation  to  growth  of  vegetables  and  strawberries  during  the  rainy 
season  of  semitropical  climates.     Not  only  is  the  raised  bed  more 
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responsive  to  the  greater  warmth  which  comes  to  the  air  at  intervals, 
and  consequently  promotive  of  winter  growth  of  vegetables,  but  it 
also  escapes  the  supersaturation  which  long  rains  may  occasion.  The 
deep  ditches  then  act  as  open  drains  for  the  escape  of  surplus  water. 
The  system  would  seem  to  be  widely  available  where  there  exists  both 
the  need  of  irrigation  and  the  danger  of  excessive  rainfall,  according 
to  varying  weather  conditions. 

SUBIBBiaATION  AND  UNDEBFLOW. 

Subirrigation  is  the  application  of  water  under  the  surface  by  a  sys- 
tem of  conduits.  It  has  received  so  much  thought  and  outlay  and  has 
returned  so  little  satisfaction  that  it  must  be  looked  upon  as  a  horti- 
cultural ignis  fatuvs^  and  only  a  passing  reference  need  be  given  to  it. 
Various  available  publications  ^  describe  its  different  phases.  It  seems 
fair  to  conclude  that  satisfactory  growth  is  secured  with  less  water  by 
subirrigation  than  by  surface  distribution,  but  it  is  done  at  an  outlay 
which  is  unwarranted  either  by  the  cost  of  water  or  by  the  value  of  the 
crop.  Results  of  greenhouse  experiments  are  more  satisfactory  than 
those  from  open-air  work.  Even  if  even  distribution  could  be  had 
from  any  arrangement  of  underground  pipes,  which  seems  doubtful 
in  view  of  wide  experience,  it  still  remains  true  that  for  shallow- 
rooting  plants  in  open  soils  the  water  is  applied  at  too  low  a  level. 

It  also  appears  that  the  escape  from  the  surface  cultivation  is  of 
doubtful  advantage,  contrary  to  the  claims  of  advocates  of  subirriga- 
tion, and  that  thorough  surface  stirring,  which  is  an  indispensable 
accompaniment  of  surface  irrigation,  is  worth  all  it  costs  through  the 
superior  thrift  which  it  induces.  It  seems  a  fair  conclusion  from  pres- 
ent knowledge  that  subirrigation  is  practically  unattainable  because 
of  cost,  inequality  of  distribution,  etc.,  and  possibl}'^  would  be  unde- 
sirable even  if  these  prohibitions  were  removed. 

Underflow  irrigation  is  quite  different  from  subirrigation,  though 
the  former  often  goes  in  local  parlance  as  ^^  natural  subirrigation." 
Underflow  is  a  natural  movement  of  water  through  the  subsoil  out- 
ward from  streams  or  downward  from  catchment  areas  toward  the 
country  drainage.  Underflow  irrigation  consists  in  reinforcing  this 
flow,  or  in  imitating  it  by  bringing  water  to  follow  the  same  course 
of  distribution. 

It  is  an  available  method,  first,  where  the  ground  water  is  naturally 
near  the  surface  and  irrigation  water  is  easily  obtained  in  large  quan- 
tities; second,  where  an  open  soil  through  which  water  spreads  readily 
is  found  resting  upon  an  impervious  hardpan,  or  slightly  pervious 
clay,  which  prevents  loss  of  water  by  percolation.     In  both  of  these 

^Subwatering  in  Greenhouses,  Farmers'  Bui.  78.  Irrigation  in  Fruit  Growing, 
Farmers'  Bui.  116.  Suriace  and  Subirrigation  Out  of  Doors,  New  Hampshire  Sta. 
Bal.d4. 
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conditions  the  method  of  irrigation  is  the  same,  viz,  to  open  deep  fur- 
rows at  considerable  distances  apart  and  keep  them  filled  with  water 
for  a  considerable  time,  so  that  it  may  soak  away  in  large  quantities. 
The  addition  will  in  the  first  case  raise  the  ground  water  so  that  it  will 
rise  by  capillarity  to  the  plant  roots;  in  the  second  case  the  irrigation 
water  will  spread  through  the  free  soil,  flowing  along  the  surface  of 
the  hardpan  or  clay,  and  will  thus  become  available  to  plant  roots. 
These  methods  are  most  apt  to  be  useful  with  deep  rooting  trees  and 
vegetables,  but  they  are  also  used^  where  the  conditions  are  favorable, 
for  grains  and  garden  crops. 

rBBIGATIOK  BT  SPRTNyTiTNG. 

Irrigation  by  sprinkling  is  a  method  which,  so  far  as  the  writer 
knows,  is  not  pursued  for  any  commercial  purpose  in  the  irrigated 
regions  of  the  country.  It  does,  however,  sustain  itself  on  the  ground 
of  commercial  advantage  in  the  Eastern  States,  as  has  recently  been 
shown  by  Professor  Vorhees,^  and  the  data  which  he  presents  should 
be  carefully  considered  by  those  who  contemplate  recourse  to  irriga- 
tion as  a  protection  to  high  value  crops  against  occasional  deficiency 
in  sununer  rains. 

CHOICE  OF  AS  ntBIGATION  METHOD. 

In  the  discussion  of  the  diflFerent  methods  ot  applying  water  inci- 
dental mention  has  been  made  of  the  particular  adaptations  of  each. 
It  may  be  further  suggested  that  the  choice  of  method  is  to  be  made 
in  accordance  with  several  conditions: 

(1)  The  slope  of  the  land.  This  is  obviously  a  ruling  factor,  but  its 
relation  to  the  different  methods  described  has  already  been  discussed 
in  connection  with  each  method. 

(2)  The  chamcter  of  the  crop.  Small  grains  and  forage  crops  which 
are  best  grown  from  broadcast  sowing  are  open  only  to  flooding  or 
sprinkling,  and  the  latter  is  probably  out  of  the  question  because  of 
cost  of  outfit  and  attendance. 

(3)  The  character  of  the  soil.  Soils  naturally  very  open  or  loose,  or 
market-garden  soils  rendered  very  loose  by  the  constant  and  deep 
working  in  of  coarse  manures,  favor  such  rapid  percolation  that  even 
distribution  through  the  soil  mass  can  be  had  only  by  covering  the 
surface  rapidly  with  a  uniform  sheet  of  water.  Under  such  condi- 
tions, also,  flooding  and  sprinkling  are  the  only  practicable  alterna- 
tives. The  fact  that  sprinkling  is  not  practiced  to  any  extent  in 
regions  where  much  irrigation  is  done  invites  the  conclusion  that 
some  form  of  flooding  is  better.  On  the  other  hand,  for  soils  which 
take  water  slowly  and  distribute  it  well,  both  latei'ally  and  vertically, 
the  furrow  system,  distributing  water  between  long  rows  of  plants,  is 

^Irrigation  in  New  Jersey,  U.  S.  Dept.  AL^r..  Offirv*  of  Experiment  Stations  Bui. 87. 
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best  for  plants  which  are  profitably  grown  in  rows,  and  on  land  of  a 
grade  which  does  not  force  too  rapid  flow  of  water. 

(4)  The  labor  requirement.  The  largest  area  can  be  erv^enly 
moistened  with  least  labor  by  the  contour  check  system  and  by  the 
furrow  system.  Each  is  superior  to  all  others  in  this  respect  for  the 
conditions  of  land  and  crop  to  which  it  is  adapted.  The  labor  require- 
ment in  preparation  of  the  ground  has  been  so  reduced  by  improved 
grading  and  leveling  devices  and  by  using  permanent  levees  which 
allow  all  the  ground  to  be  cropped  instead  of  counting  the  levees 
waste  land,  that  the  first  cost  of  putting  the  land  in  shape  for  flooding 
in  contour  checks  is  but  a  slight  addition  to  the  grading  necessary  to 
remove  the  knolls  and  sags  which  is  necessary  in  preparation  for  the 
furrow  system. 

(5)  Ease  of  cultivation  after  irrigation.  The  desirability  of  stirring 
the  soil  surface  after  irrigation  has  already  been  mentioned  in  dis- 
cussing methods  of  applying  water.  It  is  a  means  of  checking 
evaporation  and  consequent  waste  of  moisture,  but  it  is  more  than 
that.  The  eflFect  of  irrigation  is  to  dmw  the  soil  particles  together, 
and  if  it  be  a  soil  containing  much  clay  there  is  compacting  followed 
by  cracking  as  drying  proceeds.  In  the  old  practice  this  condition  was 
taken  as  a  demand  for  more  water,  and  another  irrigation  was  given, 
which  merely  aggravated  the  trouble  and  plants  came  to  distress. 
More  water  was  used  than  'necessary  for  good  growth,  and  still  thrift 
was  not  secured.  The  remedy  is  cultivation  as  soon  after  irrigation 
as  the  soil  is  in  condition  to  break  readily  and  become  mellow  and 
friable.  Except,  perhaps,  where  a  mulch  is  used,  cultivation  is  essen- 
tial to  the  best  soil  condition,  and  consequently  to  the  most  satisfactory 
growth  of  the  plant.  It  follows,  then,  that  methods  of  irrigation  which 
facilitate  subsequent  cultivation  are  to  be  preferred  wherever  the 
ground  slope  and  the  character  of  the  soil  favor  them.  Of  all  methods, 
that  of  irrigation  by  furrows  between  straight  rows  of  considerable 
length  is  obviously  best  for  cultivation  with  horse  tools,  and  is  adopted 
by  American  growers  wherever  practicable.  The  foreign -born  grower 
has  a  traditional  preference  for  hand  work,  and  is  more  apt  to  choose 
one  of  the  flooding  systems  even  where  the  furrow  method  would 
operate  well.  The  furrow  method  can  be  used  in  a  wide  range  of 
soils — in  fact,  as  has  been  said,  on  all  likely  to  be  encountered  except 
coarse,  sandy  loams,  in  which  water  sinks  almost  as  fast  as  it  is 
admitted  to  the  furrow  and  makes  very  little  lateral  spread.  In  such 
soil  a  plant  may  suflFer  severely  although  it  is  very  close  to  a  furrow. 
For  the  distribution  of  the  water  evenly  and  to  apply  it  to  the  upper 
soil  where  the  shallow-rooting  plant  can  use  it,  one  of  the  flooding 
systems  must  be  used,  and  cultivation  must  be  well  done  at  the  earliest 
arrival  of  suitable  soil  condition.  Although  such  a  soil  is  not  subject 
to  baking  and  cracking  it  becomes  "  cemented,"  as  the  local  term  is, 
and  then  the  effect  of  irrigation  is  of  very  short  duration,    (^r^r^a]^ 
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WHEN  SHOULD  WAT^R  BE  APPLIED  t 

This  is  a  question  to  which  a  definite  answer  can  not  be  given,  except 
that  water  should  be  applied  before  the  plant  shows  distress.  It  there- 
fore follows  that  the  time  when  water  should  be  applied  can  not  be 
determined  by  watching  the  plant.  Thrifty  growth  should  chara(*,ter- 
ize  a  crop  from  start  to  finish.  Even  a  small  degree  of  drought  will 
induce  some  plants  to  enter  upon  maturing  processes  and  then  a  new 
moisture  supply  may  start  an  undesirable  new  growth  rather  than  pro- 
mote the  old. 

Many  irrigators  decide  when  their  crops  should  be  watered  by  an 
examination  of  the  soil.  A  rule  which  has  been  frequently  given  is  to 
take  a  handful  of  earth  from  a  few  inches  *below  the  surface  and  press 
it  in  the  hand.  If,  when  released,  the  soil  holds  together  in  a  ball, 
and  shows  the  marks  of  the  fingers,  irrigation  is  not  necessary,  but  if 
it  does  not  hold  together  water  should  be  supplied.  The  time  when 
crops  should  be  irrigated  depends,  then,  upon  the  nature  of  the  crop, 
the  soil,  and  the  weather,  so  that  no  dates  can  be  suggested  for  any 
locality. 

The  best  sources  of  information  on  local  pi*actices  arc  the  agricultural 
experiment  stations  in  the  diflFerent  States  and  Territories,  which  are 
now  very  properly  giving  much  attention  to  this  subject. 
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IRRIGATION  IN  FRUIT  GROWING. 


IHTSODUOnOH. 

Tbroaghont  a  ooDsiderable  area  of  the  United  States  irrigation  is 
indispensable  to  the  growth  of  frait.  Throaghont  a  greater  area  irri- 
gation is  essential  to  the  growth  of  frait  of  the  highest  quality  and 
market  valne.  Throughoat  a  still  greater  area  the  availability  of  irri- 
gation is  a  snrety  against  occasional  losses  of  crops  and  injury  to  trees 
and  vines  through  drought.  There  are  no  data  for  accurate  definition 
of  these  particular  areas,  but  it  is  a  fact,  never  so  generally  appreciated 
as  at  the  present  time,  that  the  fruit  grower  in  all  except  a  few  of  the 
most  humid  regions  of  the  country  may  look  upon  a  water  supply, 
available  for  use  when  desirable,  as  an  element  of  great  value  and  an 
assurance  of  safety  in  his  business  enterprise.  Evidently  the  so-called 
^'  arid  West  ^  is  no  longer  to  stand  alone  in  proclaiming  the  advantage 
of  iiTigation.  Wherever  fruit  crops  were  iiyured  or  lost  by  the  long 
drought  of  the  summer  of  1899,  there  may  be  found  testimony  of  the 
benefit  which  would  have  accrued  if  the  grower  had  been  ready  to 
regulate  his  soil  moisture  by  irrigation.  For  this  reason  the  art  of 
irrigation  is  becoming  far  more  than  a  sectional  question  in  this  country, 
and  the  knowledge  of  it  which  has  been  gained  by  a  half  century  of 
experience  in  one  section  becomes  of  direct  practical  advantage  in 
nearly  all  sections.  The  time  has  come  when  fruit  growers  everywhere 
must  understand  the  elementary  facts,  at  least,  of  the  relation  of  irri- 
gation to  fruit  production  and  of  the  development,  distribution,  and 
use  of  water  in  horticultural  enterprises. 

It  should  be  an  inspiring  reflection  to  an  American  that  he  need 
not  seek  abroad  for  the  best  irrigation  methods  in  the  growth.of  fruits. 
The  irrigation  pioneers  of  the  far  West  ransacked  the  whole  Mediter- 
ranean region  of  Europe  and  Africa  and  farther  India  for  example  and 
suggestion  and  found  little  which  American  insight  and  ingenuity  could 
not  improve.  The  result  has  been  that  during  the  last  decade  commis- 
sioners from  nearly  all  governments  having  possessions  suitable  for 
fruit  production  have  made  peraonal  examination  of  American  methods 
and  have  commended  them  for  superior  capacity  and  efficiency.  It  is 
not  contended  that  America  has  the  greatest  irrigation  enterprises  of 
the  world.  Such  comparison  is  beyond  the  scope  of  this  writing.  But 
for  irrigation  enterprises  as  applied  to  the  growth  of  fruit,  it  is  claimed 
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that  there  are  none  so  great  nor  so  rationally  and  effectively  method- 
ized as  those  of  this  country.  For  all  these  reasons  it  is  thought  that 
the  farmers  and  fruit  growers  of  the  United  States  may  be  interested 
in  a  general  statement,  in  as  compact  a  form  as  possible,  of  the  rela- 
tions of  irrigation  to  fruit  production,  and  of  irrigation  methods,  as 
they  have  been  demonstrated  by  Pacific  coast  experience,  to  the  end 
that  recourse  to  irrigation,  wherever  it  be  found  desirable,  may  bt* 
facilitated  and  promoted. 

IRRIGATION  'WITHOUT  CULTIVATION. 

A  brief  historical  illustration  is  instructive,  as  showing  how  con- 
ceptions of  the  necessity  and  desirability  of  irrigation  in  fruit  growing 
may  change  and  how  ill  placed  is  any  prejudice  for  or  against  irriga- 
tion as  such.  The  Spanish  missionaries  who  entered  California  from 
Mexico  in  1769  established  fruit  gardens  and  vineyards  with  irrigation 
facilities  at  about  fifteen  points  along  about  four  hundred  miles  of  the 
coast  region  of  the  State.  They  laid  off  their  plantations  in  old  Spanish 
style  and  proceeded  upon  the  assumption  that  fruit  could  not  be  grown 
in  California  without  irrigation.  The  few  adventurers,  sailors,  and 
trappers  who  came  to  the  State  from  all  countries  during  the  first  half 
of  this  century  accepted  the  missionary  view  of  the  case,  and  most  of 
them,  having  neither  energy  nor  ambition  to  develop  and  distribute 
water,  lived  upon  beef  and  beans  with  such  occasional  indulgences  in 
wine  and  fruits  as  they  could  get  from  the  missions.  There  were  a  few 
who  emulated  the  example  of  the  padres,  but  were  content  to  accept 
their  methods  of  frequently  running  water  through  permanent  ditches 
to  the  uncultivated  orchard  or  vineyard.  This  was  the  first  con- 
ception of  irrigation  as  essential  to  the  growth  of  fruits  in  a  country 
with  a  rainless  summer. 

CULTIVATION  WITHOUT  IRRIGATION. 

Soon  after  the  gold  discovery  and  the  arrival  of  Americans  in  multi- 
tude, it  was  seen  that  tillage  of  the  surface  soil  prevented  evaporation 
to  such  an  extent  that  fruit  trees  and  vines  could  make  great  growth 
and  bear  heavily  with  such  moisture  as  was  conserved  in  the  soil  from 
the  rainfall  of  the  wet  season.  It  was  a  great  surprise  that  trees  could  do 
this  ev6n  though  no  rain  fell  for  several  months,  and  a  sharp  reaction 
from  the  old  Spanish  conception  of  constant  irrigation  resulted.  It  was 
then  claimed  that  irrigation  was  unnecessary  and  that  thorough  surface 
cultivation  during  the  dry  season  would  produce  better  fruit  than 
irrigation.  This  was  the  second  conception,  viz,  that  irrigation  was 
not  only  not  essential,  but  was  an  injury  to  fruit  even  in  a  country  with 
a  rainless  summer,  and  that  regions  which  would  produce  fruit  without 
irrigation  enjoyed  a  very  superior  natural  endowment  which  could 
hardly  be  overestimated.  For  many  years  the  conflict  between  the 
advocates  of  irrigation  and  nonirrigation  continued.    Meantime  experi- 
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ence  was  teaching  valaable  leAsons.  It  was  found  that  in  some  soils 
and  situations  the  nonirrigatiou  policy  I'ailed  to  secure  satisfactory 
crops  of  good  fruit  and  that  a  properly  regulated  irrigation  practice 
succeeded  in  doing  it.  It  has  required  nearly  a  quarter  of  a  century  of 
trial  and  discussion  to  arrive  at  the  true,  rational,  and  practical 
demonstration  of  the  matter,  which  is  that  an  ample  moisture  supply, 
available  all  through  the  growing  season,  is  necessary  to  the  best  work 
of  the  fruit  tree  or  vine,  without  regard  to  whether  that  moisture 
comes  from  rainfall  or  irrigation;  that  irrigation  or  nonirrigatiou  may 
be  either  right  or  wrong  according  to  the  conditions  of  soil  or  season  or 
rainfall  or  the  kind  of  tree.  They  may  be  both  right  and  wrong  in  the 
same  locality  in  the  same  month.  The  long  process  of  inquiry,  experi- 
ment, and  observation  by  which  this  conclusion  was  reached  involves 
propositions  of  universal  applicability,  the  demonstration  of  which  is 
of  importance  to  operators  in  both  arid  and  humid  regions  and  affords 
a  motive  for  the  present  discussion. 

IBBIGATIOH  AHS  CULTIVATION,  AHD  THEIB  MUTUAL  EELATIONS. 

The  issue  between  irrigation  and  cultivation  arose  at  the  very 
beginning  of  systematic  fruit  growing  in  California,  as  has  just  been 
suggested.  No  adequate  understanding  of  the  tillage  principles 
involved  was  then  exhibited;  the  empirical  discovery  of  the  facts  was 
a  surprise;  the  quick  and  wide  use  of  the  facts  constitutes  one  of  many 
striking  illustrations  of  the  versatility  of  the  American  mind  in 'dealing 
with  the  strange  phenomena  of  an  arid  region,  which  has  marked  the 
advancement  of  Galifornia  agriculture.  The  experience  of  California 
fruit  growers  in  the  matter  of  tillage  as  related  to  moisture  conserva- 
tion and  to  stimulation  of  plant  growth  affords  unique  and  emphatic 
illustration  of  the  principles  laid  down  by  our  best  writers  on  these 
subjects.  As  these  writings  are  readily  accessible,  attention  will  be  paid 
rather  to  the  effectiveness  of  proper  cultural  methods,  as  learned  by 
experience,  which  are  widely  applicable,  even  beyond  the  arid  region 
in  which  they  have  secured  adoption. 

Common  observation  showed  at  the  beginning  that  fruit  trees  and 
vines,  if  well  planted  during  their  dormancy  in  the  wet  season,  would 
make  a  fine  growth  in  the  spring'and  continue  it  during  the  early  part 
of  the  dry  season,  but  would  suffer,  and  in  some  cases  actually  i>eri8h 
as  the  dry  season  advanced,  because  the  soil  would  become  so  dry  to  a 
depth  of  several  feet  that  the  root  hairs  would  die  and  continued  evap- 
oration from  the  leaf  surface  would  extract  every  particle  of  moisture 
from  branch  and  root  and  destroy  the  young  tree.  If  the  soil  were 
heavy,  it  became  as  hard  as  a  rock,  so  that  a  post  hole  could  be  dug 
only  with  a  crowbar;  if  it  were  light,  it  would  lose  all  adhesiveness 
and  become  either  ashy  or  sandy.  In  both  cases  the  soil  would  become 
not  only  dry,  but  hot,  and  incapable  of  maintaining  plant  growth. 
On  the  other  hand,  in  places  only  a  short  distance  away,  on  the  same 
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soils,  where  the  surface  had  been  mellowed  after  the  late  rains  had 
compacted  the  surface,  directly  opposite  behavior  of  the  plants  was 
seen  5  growth  was  continued  in  good  form  and  color,  fruit  was  carried 
to  astonishing  size,  and  the  trees  and  vines  were  thrifty  and  vigorous 
during  months  of  cloudless  skies,  hot  sunshine,  and  dry  air.  The  sug- 
gestion of  such  a  contrast  was  speedily  made  use  of,  and  the  discovery 
that  better  fruit  could  be  grown  by  surface  tillage  than  by  the  old 
Spanish  practice  of  frequently  running  water  over  the  hjard  surface  was 
hailed  with  enthusiasm. 

CULTIVATION  AS  A  RSIbIEF  FROM  IRRIQATION. 

From  this  early  announcement  of  the  efficacy  of  tillage  of  orchard 
and  vineyard  the  resort  to  plow  and  cultivator  became  general,  and 
nearly  half  a  century  of  experience  justifies  the  conclusion  that  ade- 
quate cultivation  obviates  the  necessity  of  irrigation,  providing  (1) 
there  is  sufficient  rainfall  or  underflow  at  any  season  to  support  a  year's 
growth  and  fruitage;  (2)  there  is  sufficient  retentiveness  in  the  soil  to 
hold  water  from  evaporation  or  leaching;  (3)  there  is  sufficient  depth 
of  soil  to  constitute  a  reservoir  of  adequate  capacity.  Soil  and  moisture 
conditions  are  of  universal  ocxjurrence,  and  are  therefore  worthy  of  con- 
sideration wherever  fruits  are  grown,  and  the  understanding  of  them 
may  be  very  helpful  to  those  who  are  beginning  in  new  regions,  and  in 
many  cases  suggestive  of  new  methods  and  policies  in  older  regions. 
It  is  important  that  we  define  them. 

Adequate  cultivatioiL — ^This-has  reference  both  to  water  reception  and 
water  conservation.  Wherever  the  rainfall  is  liable  to  come  in  heavy 
downpours  there  is  great  danger  of  loss  by  what  has  been  called  the 
"  run  off."  This  will  vary  according  to  the  nature  of  the  soil  and  the  local 
topography,  but  even  under  the  most  favorable  conditions  it  is  a  great 
loss  unless  the  rains  are  very  gentle  and  occur  at  intervals.  When  the 
soil  is  hard  and  compacted  at  the  surface  it  acts  as  a  roof  and  sheds 
almost  all  of  the  water  into  the  drainage  channels.  The  writer  has 
seen  instances  in  which  rainfall  enough  to  send  moisture  to  a  depth  of 
several  feet  has  penetrated  only  a  few  inches.  Adequate  cultivation 
begins,  then,  with  the  opening  of  the  surfiice  for  water  reception,  and 
unless  this  is  done  the  game  is  stopped  at  its  beginning.  The  subsoil 
reservoir  will  never  be  filled  unless  the  cover  is  porous  by  nature  or 
rendered  so  by  coarse  tillage  at  the  beginning  of  the  rainy  season. 

Adequate  cultivation  for  water  retention  means  such  treatment  of 
the  surface  after  the  rains  have  fallen  as  will  reduce  evaporation  to  a 
minimum.  A  compact  surface  layer  is  not  only  slow  to  receive  water 
from  above;  it  is  also  quick  to  lose  it  by  surface  evaporation  as  it  rises 
progressively  from  below.  The  result  of  this  loss  is  the  deep  drying 
which  is  destructive  first  to  root  hairs  and  finally  to  the  whole  plant. 
A  loose  surface  layer  prevents  this  escape  of  the  moisture  into  the  air 
and  increases  in  effectiveness  as  the  soil  is  more  and  more  finely  pulver- 
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ized  and  as  the  loose  layer  becomes  deeper.  Galtivation,  then,  to  retain 
moisture  for  the  use  of  the  roots  of  trees  and  vines  during  the  dry 
season  consists  in  maintaining  a  deeply  pulverized  surface.  To  secure 
such  a  surface  pulverizing  once  is  not  enough ;  even  though  no  rain 
may  fall,  the  surface  will  become  recompacted  and  must  be  repulver« 
ized.  In  a  soil  thus  treated  moisture  is  always  present  quite  near  the 
surface^  and  so  great  is  the  contrast  between  this  and  the  deep  dryness 
of  an  uncultivated  soil  that  the  impression  currently  prevailed  that 
cultivation  produced  moisture.  It  does  not  produce  it;  it  merely  pre- 
vents its  loss  by  surface  evaporation. 

Adequate  moisture. — Evidently  this  condition  is  fulfilled  when  the 
natural  moisture  thus  faithfully  conserved  is  enough  for  the  season's 
needs  of  the  tree  or  vine.  This  moisture  may  come  from  rainfall  on  the 
particular  area  or  from  rainfall  supplemented  by  underflow  from  adja- 
cent catchment  areas.  How  can  it  be  told  when  there  is  enough?  The 
experience  of  the  arid  region  is  that  this  can  not  be  answered  by 
measurement  of  rainfall.  There  are  many  places  where  an  annual  rain- 
fall of  less  than  20  inches  is  adequate  for  the  full  growth  and  fruitage 
of  the  tree;  there  are  other  places  where  twice  and  even  thrice  that 
amount  will  not  obviate  the  necessity  of  summer  irrigation.  The  test 
of  the  matter  is  the  behavior  of  the  tree  during  its  full  cycle  of  growth 
and  fruitage. 

Retentive  soil. — Another  condition  which  will  render  adequate  cultiva- 
tion effective  or  not  is  the  mechanical  character  of  the  soil.  The  soil 
must  contain  enough  fine  particles  to  make  it  hold  water  well.  Excess- 
ive fineness  makes  adequate  cultivation  difficult;  excessive  coarseness 
makes  cultivation  ineffective;  that  is,  the  soil  will  dry  out  in  spite  of 
it,  both  by  evaporation  and  drainage.  The  ideal  fruit  soil  is  a  loam, 
because  it  is  coarse  enough  to  be  cultivated  readily  and  fine  enough  to 
prevent  the  too  free  access  of  air  and  to  prevent  the  too  rapid  descent 
of  water  by  gravity.  This  favorable  condition  between  coarseness  and 
fineness  is  prevalent  among  the  predominating  light  loams  of  the  arid 
region,  in  the  alluvial  soils  of  the  river  banks,  ancient  and  recent,  and 
in  many  of  the  upland  soils  resulting  from  the  decomposition  of  the 
country  rocks.  It  is  the  highest  type  of  soil  for  almost  every  cultural 
purpose,  and  it  meets  its  highest  use,  perhaps,  in  the  growth  of  horti- 
cultural products,  because  they  command  highest  values. 

Deep  soil — ^The  third  condition  esf^ential  to  the  higliest  effectiveness 
of  adequate  cultivation  in  the  production  of  i'ruits  is  a  deep  soil.  This 
is  the  direction  in  which  the  soils  of  the  arid  regions  are  uniquely  emi- 
nent and  the  full  signiticance  of  soil  depth  is  only  now  coming  to  be 
recognized.  Bich,  deep  soils  have  been  prescribed  for  fruits  from  time 
immemorial,  but  formerly  this  conception  proceeded  chiefly  upon  the 
vast  amount  of  plant  food  thus  rendered  available.  Depth  as  a  condi- 
tion of  water  holding  is  not  less  important.  In  fact,  in  proceeding  by 
cultivation  to  escape  irrigation,  water  holding  is  the  ruling  functioui 


Digitized  by  VjOOQIC 


8 

because  any  amount  of  plant  food  is  useless  without  adequate  mois- 
ture to  render  it  available.  It  is  proper  to  think  of  a  deep  soil  as  a  great 
subterranean  reservoir  as  well  as  a  great  storehouse  of  plant  food.  Into 
this  reservoir  the  water  sinks  through  the  surface,  roughly  broken  at 
the  beginning  of  the  wet  season,  passing  to  the  lower  strata  so  readily 
that  large  downpours  are  quickly  absorbed  and  a  large  volume  of  water 
is  thus  taken  below  for  the  use  of  the  trees  during  the  following  sum- 
mer. The  surface,  by  the  coarseness  of  the  soil  particles,  is  kept  from 
puddling,  and  can  be  replowed  or  cultivated  during  the  wet  season  if 
desirable  to  prevent  too  rank  a  growth  of  weeds,  or  to  turn  under  a 
green  manure  crop.  In  such  a  deep  soil  trees  and  vines  root  deeply,  a 
penetration  of  20  to  30  feet  in  soils  free  and  fertile  to  that  depth 
having  been  repeatedly  noticed  in  well  digging.  With  such  an  availa- 
ble water  supply  perfect  cultivation  to  prevent  loss  by  surface  evapo- 
ration will  enable  trees  and  vines  to  proceed  through  a  growing  and 
firuiting  season  covering  half  the  year  without  a  drop  of  rain,  always 
manifesting  the  fullest  thrift  and  vigor.  In  fact,  in  some  parts  of  the 
Pacific  coast  where  the  winter  rainfall  is  unusually  heavy  and  fall 
frosts  sharpest  cultivation  has  to  be  stopped  late  in  the  summer  to 
allow  a  certain  amount  of  drying  of  the  soil  to  induce  the  tree  to  stop 
its  extension  and  mature  its  wood  seasonably.  On  the  other  hand,  in 
other  parts  of  the  coast  with  less  rainfall  and  with  less  danger  of 
frosts  the  cultivation  cover  of  the  soil  reservoir  is  maintained  until  the 
opening  of  the  succeeding  rainy  season  to  support  late  growth  and  to 
carry  over  a  part  of  the  conserved  moisture  to  protect  the  trees  in  case 
the  following  year's  rainfall  should  be  scant.  In  this  deep-soil  storage 
of  water  lies  the  secret  of  the  drought  endurance  of  trees  in  the  arid 
region.  They  are  prepared  for  drought  by  deep  rooting  in  a  protected 
reservoir  of  moisture.  The  contrast  is  seen  in  the  behavior  of  trees 
on  uncultivated  shallow  soils  in  the  humid  regions  of  this  country  and 
Europe,  where  a  few  weeks  of  drought  destroys  vast  values  in  fruit 
crops  and  cripples  the  trees  for  following  years.  There  are  instances 
in  abundance  also  in  the  arid  region  where  the  soils  are  not  deep 
enough  to  form  such  a  reservoir  as  has  been  described.  For  these 
reasons  cultivation  can  not  always  guarantee  the  thrift  and  success  of 
the  tree,  but  unquestionably  in  orchards  which  have  been  kept  as  pas- 
ture fields,  or  where  very  slack  cultivation  has  been  practiced,  there 
are  many  instances  of  deep  soils  which  have  not  been  able  to  discharge 
their  proper  function  in  supporting  the  summer  thrift  and  fruiting  of 
trees  because  their  reservoir  cover  has  never  been  opened  to  receive 
the  full  rainfall,  and  is  never  closed  to  retiiin  such  part  of  it  as  they 
did  receive.  In  many  places,  therefore,  cultivation  may  completely 
remove  the  necessity  of  irrigation. 
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WHEN  18  IRRIQATION  DESIRABLE  ? 

Obviously,  when  the  best  workfor  tnoistare  reception  and  retention 
is  done  by  the  fruit  grower  and  still  the  tree  shows  distress  during 
drought  and  becomes  irregular  in  bearing  in  regions  to  which  it  is  well 
suited,  or  when  the  fruit  is  not  of  satisfactory  size  and  quality  even 
when  the  trees  are  properly  pruned  and  thinned,  it  is  usually  desirable 
to  secure  irrigation  to  supplement  the  natural  moisture  supply.  This 
assumes  that  the  study  of  the  behavior  of  the  tree  is  the  best  guide  to 
an  understanding  of  its  needs.  This  is  plainly  the  conclusion  to  be 
drawn  from  long  experience  in  Western  irrigated  regions.  While  it 
is  perfectly  true  that  there  is  a  direct  relation  between  the  normal  rain- 
fall and  the  need  of  irrigation,  and  the  general  prevalence  of  irrigation 
may,  to  a  certain  extent,  be  mapped  upon  the  curves  of  least  rainfall, 
it  is  also  true  that  large  rainfalls  do  not  necessarily  free  a  locality  from 
the  necessity  of  irrigation.  This  fact  has  been  foreshadowed  in  the 
discussion  of  cultivation.  If  it  should  appear  that  a  normal  rainfall  of 
15  inches  is  enough  to  assure  the  profitableness  of  deciduous  fruits  in 
some  valleys,  it  would  not  be  safe  to  assume  that  40  or  even  50  inches 
would  preclude  the  necessity  of  irrigation  in  others.  As  a  matter  of 
fact,  a  rainfall  of  40  inches  might  destroy  many  fruit  trees  on  a  level 
stretch  of  heavy  soil  by  long  submergence  of  their  roots  in  some  places, 
while  40  inches  in  another  pUice,  poured  upon  a  shallow,  unreteutive 
soil,  might  not  bring  an  early  peach  to  perfection.  It  is  therefore 
unsafe  to  write  an  irrigation  prescription  upon  a  rainfall  record. 
Beasonable  accuracy  could  be  secured  by  a  formula  which  includes 
rainfall,  soil,  slope,  depth,  and  character,  summer  temperature,  and 
atmospheric  humidity,  and  the  age  and  character  of  the  tree;  but  this 
would  involve  wearisome  computations.  Moreover,  all  theoretical  fore- 
casts based  upon  computed  moisture  requirements  and  local  rainfall 
are  apt  to  include  wide  errors.  The  study  of  the  tree  and  its  fruit  is 
most  satisfactory,  to  the  practical  fruit  grower  at  least. 

From  wide  observations  in  many  regions  for  many  years  it  is  possi- 
ble to  mention  the  following  as  fundamental  facts: 

(1)  There  are  wide  difiFerences  in  the  moisture  requirements,  not  only 
of  the  dift'erent  kinds  of  fruit  trees,  but  of  the  early  and  late  varieties  of 
the  same  fruit. 

(2)  Trees  of  the  citrus  family  require  much  more  water  than  those 
which  drop  their  leaves  during  a  part  of  the  year. 

(3)  But  all  evergreen  fruit  tre^s  do  not  require  more  water  than  all 
deciduous  fruit  trees;  for  example,  the  olive  will  bear  well  with  less 
water  than  is  required  by  a  peach;  still,  satisfactory  olives  must  not 
be  expected  unless  the  tree  has  what  it  needs  for  free  growth. 

(4)  The  needs  of  all  trees  are  conditioned  upon  their  age  and  work. 
A  moisture  supply  which  may  bring  satisfactory  growth  to  young  trees 
may  not  enable  the  same  trees  to  bear  regularly  and  profitably. 
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(5)  Shallow-rootiug  fruit  plants,  even  if  well  cultivated,  may  perish 
(luring  a  drought  which  will  have  no  evil  effect  upon  fruit  trees  and 
vines  on  the  same  soil,  because  of  the  deep  rooting  of  the  latter. 

Evidently,  then,  conclusions  as  to  the  desirability  of  irrigation  must 
be  drawn  with  due  knowledge  of  the  general  requirements  of  the 
growth  contemplated,  as  well  as  character  of  the  land  to  be  planted; 
but  there  are  specific  needs  of  the  tree  pertaining  to  its  different 
phases  of  growth  and  fruiting  which  are  also  involved  in  the  question 
of  when  irrigation  is  desirable.  Long  observation  of  these  phenomena 
in  a  region  where  there  has  been  extended  practice  both  with  and 
without  irrigation  may  yield  some  facts,  widely  significant,  of  moisture 
requirement,  as  learned  by  practice,  to  compare  with  the  conclusions 
reached  by  systematic  experimentation. 

EFFECTS  OF  IH8UFFICIENT  MOISTUBE. 
POOR  GROWTH. 

This  could  be  passed  as  an  obvious  suggestion  were  it  not  that  so 
many  fail  to  recognize  in  a  lack  of  moisture  the  cause  of  evil  manifes- 
tations which  they  try  to  explain  otherwise.  Tree  tonics  and  fertilizers, 
fungicides,  sometimes  even  insecticides,  are  applied  to  trees  which  are 
simply  famishing  for  water.  Even  young  trees  will  show  too  light  a 
color,  or  the  outer  edge  of  the  leaf  will  die,  or  the  young  shoots  will 
die  back,  not  for  lack  of  plant  food  nor  through  the  action  of  any 
blight  or  disease,  but  because  the  root  hairs  have  dried  off.  This  has 
already  been  mentioned  as  a  result  of  lack  of  cultivation.  It  also 
occurs  with  the  best  of  cultivation  when  there  is  no  moisture  to  be 
conserved  by  it.  Die  back  may  result  from  any  injury  to  the  root  hairs ; 
it  may  be  caused  by  excess  of  water  in  the  soil  as  well  as  the  lack  of  it. 
Whenever  the  appearance  comes  to  leaf  or  shoot,  the  moisture  condition 
of  the  soil  should  be  first  learned  by  deep  digging,  and  when  the  spade 
strikes  the  hard,  dry  layer  or  when  it  throws  out  dust  a  good  soaking 
of  the  soil  should  be  given.  In  many  cases  the  surface  may  be  mellow 
and  moist  and  the  subsoil  dry. 

Experienced  growers  soon  come  to  recognize  the  signs  of  distress  in  a 
famishing  tree.  Small  leaves  and  short  and  thin  wood  growth  are  plain 
iudications.  But  there  may  be  enough  moisture  early  in  the  season  to 
enable  the  tree  to  escape  these,  in  midsummer  the  leaves  may  lose 
their  normal  aspect  and  be  slightly  curved,  limp,  and,  as  it  were,  list- 
less. Fading  and  wilting  will  ensue  unless  moisture  be  supplied. 
Water  should  be  given  before  these  signs  of  acute  distress  appear. 

POOR  FRUIT. 

The  bearing  tree,  as  stated,  may  fail  where  a  young  tree  making 
only  wood  growth  may  do  well.  There  may  be  ample  moisture  early 
in  the  summer  so  that  a  good  crop  of  fruit  may  set  and  new  wood  be 
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formed,  bat  moistare  may  be  scant  later  when  the  tree  needs  it  in 
generous  amoaut  to  fill  out  the  fruit  and  give  it  proper  flavor  and 
aroma.  Even  though  the  burden  of  the  tree  be  reduced  by  proper 
pruning  and  thinning,  it  may  still,  for  lack  of  moisture,  bear  only  small, 
tough,  and  ill-flavored  fruit.  The  preventive  for  this  is  irrigation 
applied  in  advance  of  the  need.  Such  a  check  to  growth  can  not  be 
wholly  cured. 

INTERMITTBirr  BEARING. 

Lack  of  moisture  may  prevent  bearing  the  following  year.  The  full 
annual  duty  of  the  tree  is  to  perfect  its  fruit  and  to  prepare  for  the  next 
year's  crop.  A  continuous  moistare  supply  is  necessary  to  maintain 
activity  in  the  tree  until  this  is  accomplished.  The  tree  will  make  a 
large  draft  upon  soil  moisture  while  making  new  wood  and  large  fruit, 
and  if  moisture  fails  then  it  may  be  forced  into  dormancy  before  it  can 
finish  good  strong  fruit  buds  for  the  following  bloom.  If  the  distress  be 
great  the  bloom  may  be  scant  or  even  fail  to  appear  at  all;  if  it  be  less 
there  may  be  full  bloom,  but  too  weak  to  set  the  fruit  well  and  no  crop 
will  be  borne.  Relieved  of  its  fruiting,  the  tree  will  make  new  wood  and 
fruic  buds  for  the  following  year.  Thus  the  tree,  owing  to  partial 
moisture  supply,  forms  the  habit  of  bearing  in  alternate  years.  Though 
this  habit  may  also  result  from  other  conditions  as  well,  it  is  a  fact 
amply  demonstrated  by  experience  in  the  arid  region  that  insufficient 
moisture  supply,  even  in  rich  soils  and  with  the  best  care  of  the  tree, 
will  cause  this  undesirable  alternation  of  bearing  and  nonbearing,  and 
that  however  good  other  conditions  may  be,  regular  and  satisfactory 
bearing  can  be  assured  only  by  the  presence  of  adequate  moisture. 

Any  of  the  foregoing  api>earances  and  behaviors  of  the  tree  are 
indications  of  the  desirability  of  irrigation  at  some  time  and  in  some 
amount,  and  to  secure  the  best  results  from  fruit  growing  they  should  all 
be  anticipated  and  prevented.  Evidently  they  do  not  all  pertain  alone 
to  whatare  known  as  irrigated  regions,  but  they  are  at  times  encountered 
by  growers  everywhere.  At  present  we  have  no  adequate  idea  of  how 
much  is  lost,  even  in  the  regions  of  summer  rains,  by  irregular  and  inter- 
mittent moisture  supply  of  f^ui^bearing  trees  and  vines.  Great  as 
these  losses  undoubtedly  are  they  are  capable  of  prevention  along  the 
lines  of  practice  which  have  been  learned  by  experience  in  the  arid 
regions. 

WHEH  SHALL  WATEB  BE  APPLIED? 

Evidently  water  should  be  applied  in  advance  of  any  suffering  by 
the  tree.  It  is  a  mistake  to  allow  the  tree  to  fall  into  distress  and 
then  seek  suddenly  to  relieve  it.  One  advantage  of  irrigation  is  that 
it  may  save  the  tree  from  unseasonable  efforts  which  result  in  irregular 
growth,  untimely  blooming,  etc.,  as  has  been  previously  mentioned. 
It  is  usually  too  late  to  apply  water  to  the  best  advantage  after  the 
tree  shows  the  need  of  it^  its  needs  should  be  anticipated. 
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WiNTBR  IRRIGATION. 

iu  the  wartnet  parts  of  the  arid  region,  where  there  is  proper  char- 
acter and  sufficient  depth  of  soil  to  constitute  the  great  subsoil  reser- 
voir previously  described,  it  is  possible  to  insure  the  deciduous  tree  all 
the  moisture  it  needs  for  months  by  free  winter  irrigation  which  fills 
this  reservoir  just  as  a  heavy  winter  rainfall  could  do  it.  There  has 
been  abundant  evidence  ever  since  the  beginning  of  irrigation  by 
Americans  in  California  that  such  irrigation,  followed  by  good  sum- 
mer cultivation,  will  be  effective  if  the  soil  is  retentive  enough.  Uecent 
experiment  in  Arizona  has  approved  for  that  region  the  teachings  of 
experience  in  Oalifoniia.  While  the  deciduous  tree  is  dormant  large 
amounts  of  water  can  be  safely  applied  on  all,  except,  perhaps,  heavy 
clay  soils,  and  water  may  be  used  at  a  temperature  which  would  cer- 
tainly be  too  cold  to  use  while  the  tree  is  in  active  growth.  For  winter 
irrigation  free  application  at  intervals  sufficiently  long  to  allow  deep 
I>enetration  of  the  moisture  is  necessary. 

SUMMER  IRRIGATION. 

When  the  use  of  water  shall  begin  during  the  growing  season 
depends,  of  course,  upon  the  character  and  depth  of  the  soil  and  the 
needs  of  the  particular  growth.  The  same  considerations  already 
urged  to  determine  whether  irrigation  is  needed  at  all  have  a  bearing 
upon  this  question,  because  earliness  of  application  is  merely  a  degree 
of  that  need.  Under  some  conditions,  such  as  exceptional  drought  in 
the  arid  region,  it  may  be  necessary  to  irrigate  to  maintain  the 
spring  growth,  and  thereafter  at  intervals  of  about  a  month  during 
the  whole  summer.  Usually,  however,  there  is  natural  moisture  enough 
to  start  growth,  even  in  the  driest  regions,  and  irrigation  is  first  called 
for  to  give  proper  size  and  quality  to  the  early  ripening  varieties,  and 
from  that  on  at  intervals  for  the  maintenance  of  growth,  the  perfec- 
tion of  later  varieties,  etc.  This  is  in  a  region  in  which  full  irrigation 
is  required. 

Partial  irrigation  is  now  largely  employed  as  a  supplement  to  rain- 
fall in  other  regions  where  the  need  of  irrigation  for  deciduous  fruit 
trees  was  formerly  scouted.  It  varies  in  method  according  to  local 
moisture  needs. 

Irrigation  before  fruit  ripening  is  given  in  a  single  application  of 
about  3  acre-inches  per  acre  after  the  early  ripening  fruits  have  reached 
good  size  and  just  before  they  begin  the  final  swell  which  determines 
size.  This  reaches  the  circulation  of  the  tree  in  time  to  materially  aid 
in  the  attainment  of  satisfactory  size.  In  some  cases  this  not  only  does 
this  but  enables  the  tree  to  hold  its  foliage  and  growth  the  balance  of 
the  season. 

Irrigation  after  fruit  picking  is  practiced  where  the  moisture  from 
rainfall  is  enough  to  properly  mature  the  earlier  fruits,  but  the  efibrt 
so  far  exhausts  available  moisture  that  the  tree  would  afterwards  fail 
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of  growth  enongh  to  fill  out  fruit  buds  for  the  following  year.  One 
irrigation  at  that  time,  accompanie<l  by  a  summer  pruning  of  excessive 
wood  growth,  has  a  tendency  to  develop  fruit  spurs,  maintain  verdure 
and  leaf  action,  and  bring  the  tree  to  the  close  of  the  season  in  good 
condition  for  the  next  year's  bearing.  This  application  is  also  about 
3  acre-inches  of  water  per  acre. 

The  above  are  used  singly  when  either  one  or  the  other  seems  to  be 
all  that  the  tree  requires.  Where  the  need  is  apparently  greater  the 
two  are  given.  This  does  not  seem  to  be  a  deep  indulgence  in  irriga- 
tion, and  it  is  not,  but  it  is  great  from  the  fact  that  it  holds  the  secret 
of  profit  in  the  orchard;  first,  in  making  fine,  marketable  fruit;  second, 
in  laying  the  foundation  for  the  same  result  the  following  year. 

FAZiL  IRRIGATION. 

Fall  irrigation  for  deciduous  trees  is  found  advisable  where  the  rain 
resources  of  the  region  are  very  scant,  so  that  there  may  be  too  great 
drying  of  the  tissues  of  the  tree  during  the  long,  hot  autumn,  and 
where  prolonged  activity  of  the  tree  does  not  encounter  killing  frosts. 
In  some  such  places  the  too  early  dormancy  of  the  tree  is  followed  by 
undesirable  fall  bloom,  which  can  be  prevented  by  prolonging  fall 
growth  until  a  later  dormancy.  In  regions  of  greater  cold,  and  espe- 
cially in  the  interior  valleys  of  the  northerly  portions  of  the  arid  region, 
late  irrigation  must  usually  be  carefully  guarded  against,  because  it  is 
very  necessary  that  the  tree  should  become  dormant  early  and  fully 
harden  its  new  wood.  For  the  same  reason,  summer  cultivation  must 
stop  sooner  toward  the  North,  so  that  a  degree  of  dryness  in  the  soil 
shall  warn  the  tree  to  complete  its  work  for  the  season  and  prepare  for 
frosts.  On  the  other  hand,  at  some  interior  Northern  points  it  is 
necessary  to  use  late  fall  irrigation  to  guard  the  tree  against  injury  by 
evaporation  in  <lry  winter  atmosphere.  It  has  been  demonstrated  that 
trees  adequately  supplied  with  moisture  are  less  liable  to  winterkill- 
ing. These  lessons  of  experience  are  akin  to  others  previously  cited — 
that  adequate  irrigation  is  of  inestimable  value  and  that  excessive 
irrigation  is  dangerous. 

Quite  different  is  the  practice  with  autumn  and  winter  fruiting  trees 
which  are  by  their  nature  restricted  to  the  semitropical  regions.  Fruits 
of  the  citrus  family  are  the  most  conspicuous  instances.  They  take 
almost  a  year  to  accomplish  what  the  deciduous  trees  do  in  a  few 
months.  The  high  summer  heat  which  ripens  Northern  fruits  brings 
vigorous  growth  and  development  to  the  citrus  fruit,  but  the  wonderful 
chemistry  of  the  ripening  processes  is  restrained.  It  is  reserved  for 
the  cooler  months  of  winter.  As  the  tree  has  no  long  dormant  season, 
but  a  number  of  short  naps  at  intervals,  its  moisture  supply  must  be 
continuous  and  the  irrigator  must  be  ever  ready  to  supplement  the 
rains  with  irrigation  as  may  be  necessary  all  through  the  autumn 
mouths  and,  on  occasion,  even  into  the  winter  if  the  rains  fail.    Size^ 
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qnality,  aod  all  the  characteristics  of  a  perfect  frnit,  iu  winter  fniits 
as  well  as  in  summer  fruits,  are  all  conditioned  upon  adeqaate  moisture, 
and  the  longer  the  growing  season  of  the  fruit,  the  more  water  needed, 
as  a  rule.  Even  the  olive,  which  stands  at  the  head  for  drought  resist- 
ance, will  shrink  and  shrivel  its  ripening  fruit  until  its  moisture  needs 
are  met.  The  amount  of  water  required  and  the  time  of  its  applica- 
tion depend,  then,  upon  the  nature  of  the  growth,  as  well  as  upon  the 
nature  of  the  soil  which  supports  it. 

FLOWDTO  WATEE  VEESTTS  PAUnrG  WATES. 

A  question  which  has  been  mooted  for  years  and  discussed  with  all 
the  force  of  prejudice  and  self-interest,  as  well  as  of  honest  doubt,  is 
whether  the  application  of  water  by  the  art  of  irrigation  is  as  good  for 
the  plant  and  the  fruit  as  application  by  rainfall.  The  proposition 
naturally  arrayed  rainfall  districts  against  irrigated  districts,  created 
disputes  about  land  values  and  over  land  buyers,  between  land  owners 
in  this  and  that  region.  Whether  irrigation  was  an  advantage  or  a 
misfortune  was  hotly  discussed.  The  question  is  now  practically  set- 
tled by  dejnonstration  to  be  found  in  the  experience  of  thousands,  that 
there  is  practically  no  diflference  between  water  that  flows  and  water 
that  falls;  that  there  may  be  too  much  or  too  little  of  either  one,  and 
evil  will  result  in  either  case.  Obviously,  with  irrigation  available 
there  is  always  at  first  a  disposition  to  use  too  much  water;  and  to  the 
unwise  use  of  water  are  due  the  evils  which  have  been  charged  against 
irrigation  as  such.  Some  of  the  phases  of  the  matter  are  worth  brief 
mention : 

(1)  The  claim  that  nursery  trees  grown  by  irrigation  were,  from  that 
mere  fact,  inferior  was  based  upon  experience  in  transplanting  trees 
which  had  been  unduly  forced  by  overirrigation.  Immense  growth  from 
the  bud  in  a  single  season  of  an  inch  and  a  half  in  diameter  and  10  feet 
in  height  tempted  buyers  who  wanted  to  get  as  much  as  possible  for 
their  money.  The  lesult  of  setting  out  such  trees  created  a  strong 
prejudice  against  irrigated  nursery  stock.  It  is  now  clearly  seen  that 
moderate,  thrifty  growth  is  the  ideal  in  a  young  tree,  and  if  the  soil 
does  not  hold  rainfall  enough  to  secure  this,  water  enough  to  secure  it 
must  be  applied. 

(2)  The  claim  that  irrigated  fruit  is  lacking  in  aroma  and  flavor  was 
based  upon  observation  of  monstrous,  insii)id  fruit  which  had  been  forced 
into  such  abnormal  character  by  excessive  irrigation.  Growers  who 
concluded  therefrom  that  irrigated  fruit  was  necessarily  inferior  denied 
water  to  their  trees  and  gathered  small,  tough,  unmarketable  fruit, 
because  there  was  not  euvmgh  rainfall  to  enable  the  trees  to  perform  their 
proper  function.  As  it  is  now  conceded  that  the  highest  quality,  includ- 
ing the  delicate  aromas  and  flavors,  can  be  secured  only  by  adequate 
moisture,  it  matters  not  how  long  since  it  fell  from  the  clouds  uor  by 
what  route  it  reaches  the  roots  of  the  trees. 
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(3)  The  claim  that  irrigated  fruit  coald  not  endare  fthipment  was 
based  upon  the  braising  and  collapse  of  fruit  which  was  unduly  inflated 
by  overirrigation.  The  best  fruit  for  shipping  is  the  perfect  firuit,  and 
that  is  secured  as  just  stated.  The  fact  that  the  greater  part  of  the 
fresh  fruit  8hipx)ed  across  the  continent  from  California  has  been  more 
or  less  irrigated,  according  to  the  needs  of  different  localities,  has  settled 
the  point  beyond  further  controversy. 

(4)  The  claim  that  canners  objected  to  irrigated  fruit  was  based  upon 
the  early  experience  with  overirrigated  fruit,  which  lacked  quality  and 
consistency.  At  present  the  canners  encourage  irrigation  and  all  other 
arts  of  growing  which  bring  the  product  up  to  the  standards  they 
insist  upon. 

(5)  The  claim  that  irrigated  fruit  is  inferior  for  drying  has  the  same 
foundation  as  the  preceding  claims,  and  is  just  as  clearly  based  upon 
misapprehension.  Watery  fruit  is  obviously  not  fit  for  drying,  but  such 
fruit  is  the  fault  of  the  irrigator,  not  of  irrigation.  One  of  the  plainest 
deductions  from  experience  is  that  small,  tough  fruit  makes  unprofit- 
able dried  fruit,  and  that  the  best  development  of  the  fruit  is  essential 
to  the  best  results  from  drying.  Many  comparative  weighings  have 
shown  that  the  gireat.est  yield  in  dried  form  has  been  secured  from  trees 
which  have  had  water  enough  to  produce  good,  large  fruit.  Even  to 
bear  fruit  for  drying,  then,  the  tree  must  have  moisture  enough  to 
develop  size  and  quality.  If  lacking  moisture,  the  tree  serves  its  own 
purpose  in  developing  pit  and  skin  and  reduces  the  pulp,  in  which  lies 
the  grower's  profit. 

It  thus  appears  that  so  far  as  growth  and  quality  for  various  uses  go 
there  is  no  peculiar  virtue  in  rainfall,  and  there  is  every  advantage  in 
wise  irrigation,  which  means  using  water  at  proper  times  and  in  proper 
amounts  and  at  proper  temperatures.  The  experience  of  centuries  in 
various  countries  shows  that  irrigation  water  is  often  superior  to  rain 
water  in  that  it  carries  greater  quantities  of  plant  food.*  Pond  and 
stream  waters  in  humid  regions  are  often  rich  in  nitrates,  which  are  the 
most  costly  and  stimulating  fertilizers.  The  surface  waters  of  the  arid 
region  are  also  notably  rich  in  potash  and  other  valuable  ingredients. 
No  doubt  in  many  instances  irrigation  water,  except  that  which  comes 
from  wells,  is  worth  in  manurial  content  as  much  as  it  costs  to  secure 
it,  leaving  its  more  obvious  benefits  a  net  gain  to  the  irrigator. 

DEVELOPMEHT  AVD  UTILIZATION  OF  IBRIOATIOIT  WATER. 

Development  and  utilization  of  irrigation  water  on  a  large  scale 
involves  engineering  and  financiering  which  can  only  be  suggested  in 
this  connection.  They  constitute  one  of  the  most  important  economic 
questions  of  the  day  and  are  deeply  involved  in  the  progress  and  pros- 
perity of  the  country.    Either  proprietary  or  cooperative  enterprises 


1  This  IB  folly  described  by  Professor  King  in  Farmers'  Bulletin  46, 
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covering  considerable  acreage  require  the  best  professional  guidance, 
and  losses  and  disappointment  have  resulted  from  neglect  to  secure  it. 
There  are,  however,  many  individual  efforts  in  the  development  of 
water  sufficient  to  vastly  increase  and  improve  the  production  of  a  few 
acres,  which  can  be  profitably  undertaken,  perhaps,  on  the  basis  of 
brief  suggestions  drawn  from  the  experience  of  others. 

DIVBRSION  FROM  STRBAMa 

The  earliest  irrigation  efforts  consisted  in  turning  aside  a  part  of  the 
flow  of  a  stream  into  a  ditch  leading  to  fertile  land  at  no  great  distance. 
An  obstruction  in  the  stream  sufficient  to  cause  this  diversion  was 
often  of  a  cheap  and  temporary  character,  which  might  or  might  not 
withstand  the  periodic  freshets — it  did  not  much  matter  whether  it  did 
or  not.  This  operation  is  very  simple  and  well  understood,  for  there  is 
no  particular  difference  between  a  diversion  for  irrigation  and  one  for 
turning  the  wheel  of  a  sawmill  or  gristmill,  except  that  the  irrigation 
diversion  is  usually  more  easily  and  cheaply  done  because  the  needed 
head  of  water  is  much  less.  The  <'  millrace  ^  of  the  Eastern  States,  as 
the  writer  remembers  it,  would  have  made  quite  a  respectable  irriga- 
tiou  canal  and  have  supplied  a  large  colony  of  irrigated  farms  in  the 
ai  id  region.  The  *<  open  ditch  "  cut  for  the  drainage  of  an  upland  swale 
on  many  Eastern  farms  would  carry  enough  water  to  irrigate  a  good 
large  stretch  of  meadow  or  fruit  land.  Anyone  who  understands 
enough  of  leveling  to  run  the  line  for  an  open  drainage  ditch  can  do 
the  same  for  an  irrigation  ditoh,  and  the  cost  of  construction  is  the 
same.  When  there  is  but  slight  grade  to  the  land,  so  that  care  is  nec- 
essary to  strike  a  line  which  will  move  off  the  drainage  water  with  as 
little  fall  as  will  promote  flow,  the  problem  is  exactly  the  same  as  to  take 
out  water  from  a  point  upstream  and  deliver  it  so  that  it  will  command 
the  greatest  possible  area  for  distribution  from  its  outfall.  This  ele- 
mentary lesson  in  irrigation  engineering  is  understood  everywhere  in 
the  humid  region,  and  yet  possibly  some  who  have  only  heard  of  UTiga- 
tion  ii8  something  practiced  on  the  Great  American  Desert  have  looked 
upon,  the  taking  out  of  an  irrigation  ditch  as  a  mysterious  art.  It  has 
become  mysterious,  it  is  true,  through  the  maze  of  water  rights  and 
wrongs  in  the  laws,  and  it  becomes  wonderful  also  when  one  has  to 
consider  miles  of  construction  through  sand  and  rock  and  loss  by 
seepage  and  evaporation  and  all  that,  but  these  things  will  probably 
intrude  in  a  very  mild  form,  if  at  all,  in  the  class  of  small  irrigation 
developments  which  belong  to  individual  efforts  in  States  where  water 
is  Clearly  as  free  as  air.  Many  an  idle  brook  can  render  very  valuable 
service  on  a  farm  without  losing  volume  enough  to  be  noticed,  or  if  the 
flow  be  lessened  it  can  be  reenforced  by  the  development  of  more  watQX 
along  its  upper  courses* 
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PUMPING  FROM  STREAMS  AND  LAKES. 

Where  large  streams  are  adjacent  to  f^ait  lands  and  diversion  at  a 
SttflRciently  high  level  is  not  practicable,  elevation  by  pomp  to  a  proper 
point  for  gravity  flow  or  direct  application  from  the  discharge  pipe  of 
the  pnmp  is  being  largely  resorted  to.  On  a  small  scale  current  wheels^ 
and  modiflcationsof  the  Persian  pump  are  employed.^  The  latter  is 
readily  operated  by  horsepower  and  is  cheaply  made  at  home  with 
available  Inmber  and  gearing.  These  contrivances  can  be  constructed 
and  installed  by  the  ordinary  farm  mechanic.  On  the  river-bank  lands 
in  California  very  large  steam  and  gasoline  pumps  are  used  both  for 
drainage  and  irrigation  at  different  seasons  of  the  year  as  either  is 
desirable.  Kecently  capacious  pumping  plants  installed  upon  barges 
have  been  used  for  custom  pumping,  delivering  water  to  river-side 
orchards  at  a  reasonable  rate.  Hydraulic  rams  are  also  used  to  a  lim- 
ited extent  where  conditions  favor  them. 

A  very  interesting  way  for  taking  water  for  irrigation  when  the  river 
is  running  high  between  levees  which  protect  reclaimed  land  is  the  use 
of  siphons  over  the  crown  of  the  levees.  To  cut  the  levee  would  be 
dangerous  and  flood  gates  are  few,  but  water  can  be  delivered  here  and 
there  by  the  siphons  as  desired.  Made  of  galvanized  iron  strong  enough 
to  resist  the  pressure,  the  air  is  exhausted  by  a  pump  and  the  water 
flows  over.  Some  of  the  siphons  are  2  feet  in  diameter  and  deliver  a 
large  stream,  though  smaller  pipes  are  generally  employed. 

DEVBXiOPMENT  OF  UNDERFLOW. 

Many  streams  that  flow  along  over  beds  of  gravel  only  show  part  of 
their  water  to  the  poet  or  fisherman  who  sits  upon  the  bank.  There  is 
usually  an  underflow  beyond  all  expectations.  This  is  nolx^bly  the  case 
in  the  arid  region,  where  the  country  is  so  largely  made  up  of  rock  debris 
in  the  form  of  rock  powder,  sand,  and  gravel,  through  which  water 
readily  sinks  and  pursues  its  seaward  course  along  the  deeply  buried  bed 
rock.  If  there  be  a  water-tight  obstruction,  such  as  a  dam  of  concrete, 
placed  upon  this  bed  rock  and  brought  up  to  the  bed  of  the  stream  the 
underflow  will  rise  and  add  its  volume  to  the  ordinary  surface  flow  of 
the  stream  at  that  point.  In  this  way  in  the  arid  regions  large  irri- 
gation supplies  have  been  developed  in  the  beds  of  streams  which  in 
the  summer  consisted  of  dry  sand  and  bowlders  until  the  new  water 
was  brought  to  light.  This  has  been  done  hundreds  of  times  and  has 
multiplied  irrigation  supplies  beyond  anticipation.  This  method  lies  at 
the  foundation  of  some  large  irrigation  enterprises  and  of  some  of  the 
smallest  individual  affairs  as  well,  its  feasibility  depends,  of  course, 
upon  whether  there  are  water-carrying  media  below  the  bed  of  the  stream, 
and  that  can  be  ascertained  by  digging  or  boring.  If  such  be  found  and 
moving  water  be  discovered,  it  is  likely  that  the  stream  bed  is  a  reser- 

1 U.  8.  Dept.  Agr.,  Farmers'  Bal.  46. 
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voir  which  needs  only  a  bed-rock  dam  to  deliver  its  water  at  the  sarface. 
It  is  a  reservoir  of  most  excellent  character,  because  it  can  not  lose 
water  by  evaporation  nor  capacity  by  deposit,  nor  can  its  dam  be  dis- 
turbed by  flood  or  pressure. 

The  tunnel  is  another  agency  for  developing  underground  water  at  a 
chosen  delivery  point.  It  has  been  aptly  called  a  horizontal  well.  It 
pursues  a  spring  to  its  base  of  supplies;  it  intercepts  water  which  is 
moving  down  between  impervious  strata  and  brings  it  out  where  it 
will  be  useful.  Many  acres  on  some  farms  adjacent  to  the  hills  are  irri- 
gated by  the  flow  from  tunnels  and  the  water  is  secured  at  a  level  which 
admits  of  its  distribution  by  gravity  on  the  lower  lands. 

Perhaps  the  largest  aggregate  development  of  irrigation  water  from 
underflow  in  the  humid  regions  may  be  realized  from  employing  tile 
drains  as  feeders  for  farm  irrigation  works.  At  present  these  drains 
discharge  the  water  at  once  into  the  (country  drainage  and  the  quick 
transit  of  the  water  to  the  rivers  developes  ruinous  floods.  It  would 
be  of  inestimable  a<l vantage  to  hold  part  of  this  water  to  render  valtia- 
ble  service  to  production  later  in  the  season  when  drought  may  come. 
Though  the  aggregate  may  be  great  as  stated,  the  realization  of  it  will 
be  by  means  of  tens  of  thousands  of  small  agencies  capable  of  being 
arranged  by  the  individual  farmer.  He  has  his  tiles  to  relieve  upland 
swales  and  boggy  hillsides  of  their  surplus  water.  He  can  easily  col- 
lect this  water  in  a  homemade  reservoir  from  which  it  may  be  distributed 
to  orchards  or  small  fruit  fields  on  the  richer  land  below.  In  this  way 
the  farmer  with  no  running  water  on  his  place  may  turn  his  higher  land 
into  a  catchment  reservoir,  which  will  deliver  its  accumulations  gradu- 
ally, so  that  they  may  be  easily  controlled  and  rendered  available  at  the 
time  of  the  greatest  need.  All  this  presupposes  the  existence  of  farms 
comprising  uplands  and  meadow,  but  both  need  not  bain  the  same 
ownership.  The  owner  of  lower  lands  can  often  use  his  neighbor's 
higher  farm  as  a  catchment  area  by  taking  the  outflow  from  his  drains. 
Such  recourse  may  be  denied  to  the  plains  and  prairie  farms,  but  they 
may  have  other  sources  of  supply,  as  will  be  suggested. 

PITMPIITG  FROM  TVSLLS. 

Sinking  wells  iuto  water-bearing  strata  to  secure  irrigation  supplies 
is  now  being  resorted  to  as  never  before.  New  and  broader  conceptions 
of  the  relations  of  subterranean  water  to  irrigation  have  recently  pre- 
vailed. This  follows  because  it  may  be  much  cheaper  to  raise  water 
to  ac^acent  towers  than  to  catch  it  in  a  remote  ravine  and  pipe  it  for 
miles.  However  this  may  be,  irrigation  undertakings  have  been 
recently  established  very  largely  upon  wells  and  pumps  or  upon  flow- 
ing wells,  wherever  they  can  be  had.  In  California  during  the  last 
three  years  there  have  been  perhaps  ten  times  as  many  pumping  outfits 
set  up  for  irrigation  as  had  been  employed  during  the  whole  earlier 
irrigation  development  of  the  State,    Large  irrigation  companies  sank 
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groups  of  wells  and  pumped  from  them  into  their  distributing  ditches 
and  flames  when,  for  lack  of  rain,  their  immense  reservoirs  went 
dry.  Individual  irrigators  sank  wells  and  bought  pumping  plants 
when  the  ditch  water  failed,  and  have  now  learned  the  superiority  of 
home  supply,  to  be  drawn  up  just  when  it  can  be  used  to  best  advantage, 
and  often  to  be  had  for  much  less  than  the  rates  of  the  ditch  com- 
panies. Large  regions  which  had  never  secured  irrigation  systems, 
and  doubted,  perhaps,  the  need  of  them,  were  forced  by  drought  to  seek 
water,  and  having  found  it  below  ground  in  ample  quantities  they  will 
not  fail  in  the  future  to  use  irrigation  as  a  supplement  to  the  rainfall. 
To  illustrate  this  advance  in  well  irrigation  very  comprehensive  data 
are  found  in  the  following  outline  of  a  systematic  inquiry: 

In  Santa  Clara  Valley,  one  of  the  leading  frait  regions  of  central  California, 
there  are  abont  1,500  irrigating  plantii  of  all  kinds  in  the  valley  proper.  Abont  900 
of  them  have  been  put  in  during  the  past  three  years.  Many  of  them  have  centrif- 
ugal pumps  run  by  steam.  These  are  the  larger  plants,  from  where  15  to  40  horse- 
power, and  in  some  instances  more,  are  used,  and  the  size  of  the  pumps  ranges  from 
4  to  12  inches.  Most  of  the  smaller  pomps  are  run  by  gasoline,  though  several  use 
crude  oil,  and  many  of  them  are  also  centrifugal.  Some  of  these  are  deep-well 
pumps,  and  they  are  very  satisfactory  in  raising  water  from  a  greater  depth  than 
100  feet.    From  100  to  500  feet  they  work  admirably. 

The  cost  of  pumping  differs  materially  with  the  different  kinds  of  power,  sizes 
of  pumps,  and  depth  of  weUs.  Figuring  f^om  what  may  be  a  safe  average  of  the 
actual  cost  of  fuel,  a  No.  4  pump,  centrifugal,  with  gasoline  as  power,  at  70  feet 
depth,  would  cost  $3  per  day.  This  would  result  in  600  gallons  per  minute,  36,000 
gallons  per  hour,  or  360,000  gallons  per  day  of  ten  hours.  Su^h  a  stream  of  water 
is  calculated  to  irrigate  about  5  acres  per  day  to  a  depth  of  a  little  more  than  2^ 
inches.  But  these  figures  being  of  the  best  experiments,  a  better  and  safer  estimate 
would  probably  be  4  acres  per  day  to  a  depth  of  about  2  inches. 

But,  generally  speaking,  it  is  safe  to  say  that  at  a  cost  of  about  $3  per  acre  for 
the  water  the  orchards  of  Santa  Clara  County  can,  under  the  present  process,  be 
irrigated  two  or  three  times  at  $6  to  $9  per  acre  per  year.  The  average  cost  of 
plant  is  about  $1,200.  ■ 

Santa  Olara  County  is  a  region  of  rather  deep  wells  and  the  cost  is 
correspondingly  high,  both  for  the  plant  and  for  the  water  delivered. 
In  many  cases  the  cost  per  acre  will  be  only  a  fraction  of  that  given. 
But  even  the  higher  figures  are  below  the  cost  warranted  by  the  saving 
of  a  fruit  crop,  as  the  experience  of  individuals  has  shown.  These 
figures  are,  however,  used  as  a  standard,  because  they  are  a  deduction 
from  broad  data,  and  it  is  unwise  to  proceed  either  apon  minimum  cost 
or  maximum  value  produced. 

Over  large  areas  of  the  country  windmills  are  used  as  motors  for 
irrigation  pumps,  and  careful  accounts  of  their  efficiency  are  available.^ 
They  unquestionably  serve  an  excellent  purpose  under  favorable 
conditions  up  to  the  limits  of  their  capacity,  but  irrigation  for  fruit 
growing,  except  in  the  family  garden  or  on  small  areas  of  small  fruits, 
is  proceeding  upon  the  basis  of  motors  of  higher  efficiency.    Gasoline 

'  C.  M.  Wooster,  of  San  Jos^,  California. 
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engines  are  being  used  even  up  to  a  capacity  of  5,000  gallons  of  water 
per  minute,  but  the  ordinary  plants  are  less  than  one-tenth  of  that. 
Grade-oil  engines  are  also  used,  and  steam  plants  using  small  stationary 
and  portable  engines  are  pressed  into  service,  while  electric  motors, 
along  long-power  circuits  from  generators  at  ivraterfalls  or  other  great 
sources  of  power,  are  being  fully  employed.  Instances  of  the  profita- 
ble employment  of  all  these  agencies  are  abundant  all  through  the 
fruit-growing  districts  of  the  arid  region. 

STORAGE    OF    WATER   FOR    IRRIOATIOIT. 

As  the  diversion  and  development  of  irrigation  water  on  a  large 
scale  can  only  be  nndertaken  with  ample  capital  and  the  best  profes- 
sional advice,  so  the  storage  of  water  in  large  volume  is  an  undertak- 
ing which  should  be  approached  by  the  same  route.  There  have  been 
so  many  disappointments  and  such  great  losses  from  ill-advised  and 
hasty  planning  and  construction  that  the  public  should  have  learned 
wisdom  in  this  direction.  Even  some  of  the  smaller  reservoirs  have 
proved  to  be  so  insecure  or  leaky  or  subject  to  rapid  filling  that  it  is 
clearly  seen  that  the  storage  reservoir  must  be  first-class  in  all  the 
branches  of  its  engineering  from  location  to  construction.  Still,  the 
great  storage  reservoir  is  the  sole  hope  of  development  of  vast  areas  of 
the  public  domain,  and  all  the  lessons  of  experience  of  the  last  half 
century's  irrigation  engineering  in  Oalifornia  will  be  helps  to  make  the 
new  work  effective. 

But  while  the  large  reservoir  involves  these  great  problems,  the  small 
reservoir  which  will  yield  value  a  hundredfold  its  cost  to  a  farm,  or  a 
small  group  of  farms,  perhaps,  and  be  a  perpetual  surety  of  profitable 
production,  is  neither  expensive  nor  difficult  to  secure.  This  is  fortu- 
nate, because  the  small  distributing  reservoir  is  really  the  key  to  the 
satisfactory  use  of  such  small  sources  of  water  as  are  chiefiy  contem- 
I)lated  in  this  writing.  To  distribute  water  satisfactorily,  which 
involves  even  spreading  over  a  considerable  area  in  a  short  time,  with 
the  best  results  to  the  land  and  the  owner,  the  water  must  be  had  with 
a  cei  tain  volume,  or  '^  head ''  as  it  is  usually  termed  in  irrigated  regions. 
A  little  rill  from  a  spring  which,  if  left  to  its  course,  might  make  only 
a  little  sedgy  strip  across  a  field  or  a  marshy  spot  in  a  corner,  can  be 
led  to  a  small  water-tight  reservoir  and  it  will  accumiilate  until  it  has 
a  volume  which  can  be  spread  over  a  considerable  area  of  ground  and 
possibly  increase  production  the  first  year,  because  of  the  irrigation, 
more  than  enough  to  pay  the  cost  of  the  reservoir  which  collected  it. 
This  is  a  fact  often  shown  in  experience,  and  yet  millions  of  such  springs 
are  allowed  not  only  to  waste  themselves  but  destroy  much  good  land 
unless  drainage  intervene  and  the  water  only  be  lost.  Only  people 
who  have  learned  the  value  of  irrigation  can  appreciate  the  value  of 
this  waste  and  the  ease  with  which  it  can  be  turned  to  profit.  Saving 
the  pennies  is  a  traditional  method  of  wealth  gaining;  saving  the  drops 
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bt  water  might  be  a  more  apt  iilustratioh,  considering  how  hard  the 
pennies  are  to  get.  This  matter  is  so  important  and  so  attainable  with 
little  more  than  the  idle  time  of  man  and  team  that  it  seems  worth 
while  to  enforce  it  with  a  little  calcnlation :  A  little  spring  which  runs 
a  gallon  a  minute  yields  14,400  gallons  in  ten  days.  This  is  water 
enough,  if  kept  from  leakage  and  evaporation,  to  cover  half  an  acre  of 
ground  to  a  depth  of  1  inch ;  and  the  same  volume  flowing  continuously 
would  be  equal  to  an  annual  rainfall  of  3G.]  inches  for  the  same  area. 
Thus  a  trickling  stream  from  a  spring  becomes  a  measurable  factor  in 
production,  and  from  this  minimum  How  and  acreage  one  can  easily 
calculate  what  large  flows  will  amount  to,  whether  they  come  from 
spring  or  windmill  or  other  source.  Simply  collect  the  water  into  a 
receptacle  of  known  capacity  and  note  the  time  required  to  fill  it,  and 
calculations  as  to  reservoir  capacity  needed  and  area  which  may  be 
covered  in  the  distribution  are  easy.  Allowance  must  be  made  for 
evaporation  from  the  surface  of  the  water  in  the  reservoir.  The 
approximate  evax>oration  in  any  region  can  be  obtained  from  the 
nearest  station  of  the  United  States  Weather  Bureau.  Further  allow- 
ance must  be  made  for  loss  by  seepage,  which  will  vary  with  the  nature 
of  the  soil  in  which  the  reservoir  is  constructed,  and  the  manner  of 
construction,  which  is  discussed  under  the  following  heading. 

An  inch  over  the  whole  surface  irrigated  once  in  ten  days,  or  3  inches 
once  a  month,  according  to  the  depth  and  the  receptive  character  of 
the  soil,  will  insure  against  drought  and  increase  production  even  in  a 
humid  climate,  while  in  the  arid  region  it  will  establish  an  oasis  of 
fruits  and  vegetables  in  succession  through  the  dry  season.  In  the 
midst  of  such  suri-oundings  the  country  home  becomes  attractive  and 
beautiful  where  otherwise  it  would  be  bleak  and  desolate.  The  improved 
home  is  the  unit  in  the  computation  of  irrigation  advantages. 

THE  SMALL  RESERVOIR. 

Obviously  the  small  receiving  and  distributing  reservoir  should  be 
above  the  highest  point  of  the  land  to  be  irrigated  and  below  the  source 
of  the  water,  except  with  pumping  outfits.  It  should  also  be  as  near  as 
l)ossible  to  the  laud  to  be  irrigated,  as  increased  distance  would  increase 
both  the  cost  of  conveying  the  water  to  the  land  and  the  loss  of  water 
from  seepage  and  evaporation.  The  first  thought  in  small  affairs  in 
hilly  regions  is  to  imitate  large  undertakings  and  dam  the  natural 
channel  and  back  the  water  in  the  small  ravine  whence  the  stream 
flows.  This  is  often  wise,  perhaps,  but  it  is  also  often  difficult  to  escape 
loss  by  seepage  and  to  get  sufilcient  capacity  without  too  high  a  dam, 
and  there  is  such  great  danger  of  washouts  by  excess  of  storm  water 
that  a  reservoir  out  of  the  course  of  the  stream,  to  which  water  may  be 
conducted,  is  better.  Excellent  suggestions  on  the  construction  of  the 
small  reservoir,  with  cross-section  drawings,  are  given  in  Farmers' 
fiuUetin  No.  46.    In  a  coarse  soil  thorough  puddling  of  bottom  and 
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sides  with  clay  loam,  or  a  mixtare  of  clay  with  the  local  soil,  will  make 
the  reservoir  hold  water,  bat  a  liniug  of  cement  or  asphaltam  will  be 
better  where  there  is  not  firost  enough  to  break  np  such  materials.    In 


Fio.  1.— Cement  renervoir  for  collection  of  water  ft'om  a  pamping  plant,  and  its  measuring  box. 

California  well- constructed  small  reservoirs,  with  concrete  bottom  and 
walls  thoroughly  plastered  with  pure  cement,  are  frequent  and  are  very 
satisfactory, though  expensive.    (Figs.  1  and  2.)    Probably,  however,  a 


Fio.  2.— Measuring  box  nsed  in  oonneotion  with  distribation  from  small  resenroir. 

small  reservoir  which  is  most  generally  attainable  and  is  easily  home- 
made is  a  tank  of  dirt.  The  following  is  a  condensed  description  of  such 
a  reservoir,  by  Theodore  Sternberg,  of  Kansas: 
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A  dirt  bank  and  bottom  is  the  best  and  least  expensive  of  all  subBtances  from 
which  to  construct  the  pond.  Surface  soil  is  the  best.  Clay  may  do  well  for  bot- 
toms, but  for  banks  it  is  useless,  because,  when  the  inner  bank  is  exposed,  clay  at 
once  cracks,  but  surface  soil  does  not. 

The  very  best  shape  for  building  easily  and  using  horses  and  scraper  is  an  oval,  or 
at  least  rounded  corners,  the  curve  such  that  a  team  with  scraper  can  easily  be  driven 
all  around  on  the  bank.  Having  marked  out  the  extreme  outside  limits  of  the  pond, 
if  it  be  in  sod,  carefully  remove  the  sod  and  pile  it  up  out  of  the  way,  to  be  used  later 
on.  Then  thoroughly  plow  the  whole  space  whefe  the  banks  are  to  rest,  as  well  as 
the  pond  part;  theu,  with  cultivator,  harrow,  and  garden  rake,  work  down  as  fine 
as  possible  the  dirt  upon  which  the  bank  is  to  rest.  Keep  the  team  going  over  and 
over  the  bank  foundation  until  it  is  fine  and  packed  as  firm  as  possible.  If  the 
banks  are  built  upon  the  natural  surface  there  is  always  a  crack }  the  ground  must 
all  be  worked  for  the  banks,  from  the  bottom  of  the  pond  up  to  the  top. 

The  foundation  of  the  banks  being  made,  then,  with  team  and  scraper,  move  the 
plowed  dirt  from  the  bottom  of  the  pond  and  dump  it  on  the  bank;  start  the  bank 
12  feet  wide;  for  4- foot  banks  12  feet  at  the  bottom  is  not  too  wide,  and  the  top  at 
the  finish  will  be  about  3  feet  wide.  As  the  dirt  is  dumped,  spread  each  scraper  load 
evenly;  break  up  every  lump,  work  it  tine,  and  fill  the  tracks  of  the  horses.  This 
settles  and  packs  the  banks  even  and  hard.  The  secret  of  goml  banks  is  the  fining 
the  ground  aud  keeping  it  level  as  the  banks  rise,  so  that  the  whole  is  uniformly 
packed  solid.  The  horses  and  heavy  scraper  do  this  all  but  the  edges ;  pack  the 
edges  by  walking  back  and  forth,  as  in  making  a  garden  walk.  The  dirt  from  the 
tirst  plowing  being  all  removed  from  the  pond  and  placed  evenly  all  around  on  the 
banks,  plow  deeply  the  bottom,  theu,  with  harrow  and  cultivator,  make  this  dirt  as 
tine  as  possible  to  puddle  the  bottom.  This  bottom  dirt  being  all  fined  to  a  depth 
of  8  inches,  weigh  down  the  harrow,  put  on  your  rubber  boots,  and  turn  on  water; 
harrow,  harrow,  until  this  plowed  ground  is  a  thin  paste.  The  bottom  is  made,  and 
if  the  soil  is  loam  the  chances  are  that  it  will  hold  water. 

Put  in  the  sluice  box  or  iron  pipe  through  which  the  water  is  to  be  drawn, 
ramming  well  around  it  clay  and  chopped  straw,  so  that  not  a  drop  of  water  can  fol- 
low along  the  outside  of  it. 

It  takes  time  to  make  a  pond.  Even  after  this  work  has  been  done,  time  is  required 
to  settle  and  solidify  bottom  and  banks.  Therefore  it  is  better  to  build  the  pond  in 
the  fall,  so  that  it  will  be  ready  for  use  the  following  season.  One  of  the  very  best 
ways  to  puddle  the  bottom  of  a  pond  is  to  keep  the  bottom  damp  and  feed  cattle  in 
it  for  a  couple  of  months.  The  balance  of  the  banks  may  be  finished  at  leisure. 
Use  any  kind  of  dirt  which  is  most  convenient  for  completing  the  banks;  still 
surface  dirt  is  the  best  for  the  pond  and  best  to  start  grass  on.  When  the  banks 
are  as  high  as  the  horses  can  readily  walk  on,  then  take  the  sod,  if  you  removed  any, 
or  sod  or  stone,  and  build  on  the  outside  a  wall  2^  feet  high,  till  in  with  dirt,  and 
finish  off  the  bank  with  the  shovel.  Be  sure  and  not  fill  the  pond  up  rapidly  with 
water;  fill  it  up  6  inches  higher  every  day  or  two  and  draw  it  off;  this  is  to  settle 
and  firm  the  banks.  Until  grass  or  plants  can  grow  on  the  inner  bank,  to  prevent 
washing  down,  have  a  lot  of  loose  boards  lloating  in  the  pond,  and  see  to  it  that 
they  are  in  position  to  break  the  waves  when  the  wind  blows. 

Through  the  bank  place  a  galvanized  sheet-iron  ])ipe  to  carry  off  the  water  when 
it  reaches  the  height  desired ;  put  a  joint  in  it  at  the  outer  end,  to  let  the  water  down 
without  being  blown  back  against  the  bank,  thus  washing  it  away. 

These  defiDite  details  are  given  to  show  how  easily  small  storage  of 
water  from  any  sonrce  of  supply  can  be  secured.  The  pond  above  de- 
scribed is  abont  50  by  55  feet  and  4^  feet  deep.  Similar  construction 
can  be  carried  for  a  considerably  greater  area  with  safety  and  satisfac- 
tion.   This  reservoir  is  nearly  all  above  the  surface,  because  the  water 
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waA  to  be  used  close  by  on  land  of  aboat  the  same  level.  Where  the 
reservoir  sit<^  is  elevated,  of  coarse  more  excavation  and  less  bank 
bailding  can  be  employed,  bat  the  careful  paddling  is  usually  neces- 
sary to  escape  danger  of  leaking,  unless  a  lining  of  asphaltum  or  cement 
is  preferred. 

TAKING  THE  "WATER  TO  TUJU  LAND. 

Conveyance  of  water  from  tlie  reservoir  to  the  land  to  be  irrigated  is 
accomplished  in  various  ways.  The  cheapest  in  point  of  first  outlay, 
but  in  some  respects  the  most  wasteful,  is  the  open  ditch.  If  the  dis- 
tance be  considerable,  it  is  wasteful  of  water  by  seepage,  wasteful  of 
land,  troublesome  and  unsightly  in  the  rank  growth  of  weeds,  which, 
unless  carefully  cleaned  away,  ripen  much  seed  for  the  water  to  spread 
over  the  irrigated  land.  Irrigation  water  vies  with  the  wind  as  a  weed 
distributor.  Then,  too,  ditch  conveyance  depends  upon  the  grade  of 
the  land  to  be  traversed.  If  it  is  possible,  loss  of  water  can  be  reduced 
by  paving  the  ditch  with  stones  laid  in  clay,  or  ib  may  be  cemented, 
but  still  it  lies  in  the  way  of  cultivation  and  will  vex  the  owner  until  he 
summons  courage  and  capital  enough  to  put  in  a  line  of  ^'pump  logs," 
or  round  tile,  or  (;ement  pipe,  or  steel  pipe  sunk  below  the  reach  of  the 
plow.  Which  will  be  best  in  land  which  freezes  deeply  local  experi- 
ence in  water  piping  will  decide.  In  the  inigated  region  this  problem 
seldom  intrudes,  and  all  sorts  of  pipes  are  satisfactorily  used.  Riveted 
steel  pipe,  with  size  adjusted  to  the  area  to  be  irrigated,  and  with 
valves  at  the  reservoir  and  at  the  discharge  point,  is  the  best  arrange- 
ment.  With  such  a  pipe  water  can  be  carried  over  uneven  ground  by 
the  shortest  route  and  it  will  save  a  vast  amount  of  loss  and  trouble. 
Of  course  all  this  is  escaped  if  the  reservoir  be  situated  at  the  highest 
point  of  the  immediate  tract  which  is  to  be  irrigated,  but  there  may  be 
many  reasons  for  having  it  at  a  distance. 

DISXKIBUTION  OF  IRRIOATIOIT  WATBR. 

The  distribution  of  water  on  land  to  be  irrigated  involves  a  certain 
amount  of  engineering.  The  laying  out  of  a  system  should  be  done  by 
a  competent  surveyor  who  understands  the  regulation  of  the  fall  of  the 
ditches  according  to  the  soil  to  be  traversed,  the  volume  and  character 
of  the  water  to  be  carried,  etc.,  and  the  levels  along  which  it  can  reach 
the  different  ridges  by  which  it  can  be  handled  on  the  different  irriga- 
tion faces,  if  the  surface  be  somewhat  uneven  or  rolling.  It  will  not 
pay  to  guess  at  any  of  this  work.  It  should  be  well  done  at  first. 
There  have  been  many  instances  of  loss  through  wrongly  located  ditches. 
Some  of  the  earlier  systems  somewhat  hastily  laid  out  have  left  so  much 
land  above  the  ditches,  by  giving  the  water  so  much  more  fall  than 
necessary,  that  practically  a  new  system  has  been  laid  out  above  the 
old  one  by  carrying  the  water  higher  up,  as  it  should  have  been  done 
at  first.  All  such  enterprises  on  considerable  scale  call  for  professional 
advice  from  irrigation  engineers.    Of  course  the  same  principles  hold 
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in  small  distribntions,  but  one  need  not  greatly  err  in  the  application 
of  them  to  small  pieces  of  groand  if  he  will  take  a  little  pains;  conse- 
quently some  suggestions  will  be  offered. 

There  is  little  ground  so  nearly  level  that  water  will  not  flow  over  it 
in  some  direction,  but  the  grade  may  change  so  that  distribution  should 
be  arranged  from  different  secondary  sources,  or  if  distribution  be  from 
a  slight  ridge  water  may  be  taken  on  both  sides  of  the  same  source  for 
the  different  slopes  or  faces  which  are  to  be  irrigated.  The  eye  can 
not  always  be  trusted  to  determine  these  directions.  The  simplest  sort 
of  a  surveyor's  level  can  be  used  by  a  layman  for  this  work,  but  it  is 
also  possible  to  do  it  with  homemade  leveling  devices  which  should  be 
on  every  farm  for  location  of  drains,  irrigation  ditches,  private  hillside 
roads,  grading  land,  or  anything  of  that  sort.  If  these  are  not  avail- 
able the  beginner  can  return  to  first  principles  and  take  along  a  little 
stream  of  water  with  a  hoe,.and  note  the  line  on  which  it  moves  without 
cutting  or  showing  a  disposition  to  back  up. 

Ditches,  flmnes,  and  pipes. — When  the  supply  lines  of  the  laud  are 
located  the  means  of  conveyance  are  next  to  be  decided  upon.  The 
ditch  is  the  cheapest  and  at  the  same  time  the  most  troublesome  and 
wasteful  of  both  land  and  water,  as  has  been  heretofore  shown. 
Though  the  ditch  is  largely  used  in  handling  large  heads  of  water  for 
the  quick  covering  of  large  areas  by  flooding,  for  the  handling  of 
smaller  heads  through  longer  runs  for  other  methods  of  application 
the  ditch  is  generally  superseded  by  flumes  or  by  pipes  with  hydrants, 
or  by  open  pipi-s  or  troughs. 

Flumes  are  sometimes  V-shaped  but  are  usually  rectangular  and  con- 
sist of  a  bottom  and  two  sides,  as  this  carries  the  water  in  good  form 
for  frequent  diversion  and  openings  are  more  readily  contrived.  Some 
have  gone  to  considerable  expense  to  construct  these  flumes  of  cement, 
or  flat  stones  cemented  together,  because  of  the  imperishability  of  the 
materials.  Some  of  these  are  very  neat,  but  it  is  very  doubtful  whether, 
on  the  ground  of  durability,  they  are  worth  the  cost.  They  are  easily 
cracked  and  chipped  in  working  the  adjacent  ground;  it  is  much  more 
difficult  to  arrange  openings  and  to  close  them,  and  in  regions  of  hard 
freezing  they  would  probably  prove  anything  but  desirable.  The  de- 
cision of  irrigators,  generally,  is  that  a  well-made  board  flume  is  good 
enough  and  by  far  the  most  available  and  most  easily  repaired,  but  it 
is  very  important  that  the  flume  should  be  made  of  sound  lumber  of 
whatever  kind  is  least  liable  to  crack  or  warp  in  the  locality  and  will 
have  the  longest  durability  under  alternating  wet  and  dry  conditions. 
The  construction  of  the  flume,  the  grade,  and  the  character  of  the  open- 
ings will  vary  according  to  the  method  which  is  to  be  used  in  the 
application  of  the  water.  Constant  attention  should  be  paid  to  keep- 
ing the  flumes  in  good  repair  and  water  tight,  because  a  leaky  flume  is 
not  only  wasteful  of  water  but  is  a  menace  to  the  thrift  of  adjacent 
trees  by  excessive  moisture.  Losses  have  occurred  by  carelessness  in 
this  matter. 
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Distribntion  throagli  baried  pipes  and  hydrants  is  satisfactory  for 
floodiug,  or  for  nse  with  closed  hose  and  sprinkling  attachments,  bnt 
sprinkling  is  practically  unknown  in  the  irrigated  region  except  for 
lawns.  Even  for  small  fruits  and  vegetables  in  garden  practice  surface 
distribution  is  found  to  be  mucli  superior  to  any  imitation  rainfall,  in 
economy  of  water,  depth  of  penetration,  subsequent  stirring  of  the 
surface  to  check  evaporation,  and  the  condition  of  the  fruit  itself. 
Dry  air,  dry  surface  soil,  and  ample  moisture  at  the  root  are  found  by 
long  experience  to  be  ideal  conditions  for  perfect  foliage  and  fruit 

Distribution  from  hydrants  with  large  open  hose,  or  open  galvanized 
pipe,  to  take  the  water  to  prepared  basins  around  the  trees,  or  to  con- 
nect hydrants  with  small  lateral  ditches,  etc.,  may  often  be  economical 
of  water  and  valuable  in  delivery  at  certain  desired  points,  but  little 
piping  is  actually  used  in  the  irrigated  region  except  to  convey  water 
to  points  from  which  it  is  distributed  by  Humes,  or  small  ditches. 
There  are  conditions,  no  doubt,  in  which  a  freer  investment  in  pipe 
than  is  now  made  would  be  profitable  in  the  end. 

PEEPARDTG  LAND  FOE  IBRIGATIOH. 

Having  thus  brought  the  water  to  the  distributing  points  on  the 
land  to  be  irrigated,  it  is  desirable  to  suggest  preparation  which  will 
facilitate  the  ease  and  evenness  of  application  to  the  whole  of  the  land. 
This  is  done  by  grading — not  by  leveling  nor  by  securing  any  given 
slope,  but  merely  to  correct  elevations  and  depressions  upon  each  slope 
or  face  over  which  any  water  is  to  be  run.  If  this  is  not  done  there 
will  be  sags  or  swales  in  which  too  much  water  will  collect  and  knolls 
or  humps  which  will  get  only  what  they  can  secure  by  capillary  rise, 
and  not  enough  to  bring  out  their  proper  production.  Such  work  as 
this  can  be  done  quite  boldly  in  the  arid  region,  because  the  soils  are 
usually  deep  and  of  uniform  fertility  to  considerable  depth.  To  plow 
and  scrape  off  knolls  into  sags  is  a  safe  proceeding  as  a  rule,  though 
in  exceptional  cases  it  would  uncover  areas  of  infertile  subsoil.  In 
the  humid  regions,  this  can  not,  of  course,  be  so  widely  undertaken, 
because  the  soils  are  more  shallow  and  the  subsoils  more  refractory  and 
infertile,  but  so  far  as  feasible  the  land  should  be  graded.  For  a  small 
irrigated  area  which  is  naturally  expected  to  yield  high  value,  it  may 
be  profitable  to  haul  good  soil  in  to  help  bring  depressions  up  to  grade, 
even  if  the  knolls  are  left  to  do  what  they  can  without  water. 

Drainage  of  irrigated  land  seemed  to  be  a  foolish  and  wasteful  con- 
flict of  policies  when  irrigation  began  in  the  West,  but  later  experi- 
ence has  shown  that  unless  the  soil  is  very  deep  and  loose  and  the 
irrigation  wisely  applied  there  is  considerable  danger  of  excess  of  soil 
water,  which  is  ruinous.  Even  deep,  loose  soils  may  be  practically  sub- 
merged by  seepage  from  leaky  ditches  and  excessive  irrigation  com- 
bined, for  there  are  large  areas  in  California  where  before  irrigation 
was  introduced  it  was  necessary  to  dig  over  5<^  feet  for  well  water, 
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but  after  ten  years  of  irrigation  the  ground  water  rose  within  a  few 
feet  of  the  surface  and  made  ponds  and  marshes  in  the  low  placess. 
This  rise  of  the  ground  water  also  brought  up  corrosive  alkaline  mat- 
ters which  work  havoc  beyond  simple  water  injury.  It  is  quite  neces- 
sary, then,  in  many  places  to  arrange  drainage  for  irrigated  lands,  and 
especially  where  summer  irrigation  mny  be  supplemented  by  copious 
rainfall.  Lands  which  need  drainage  to  disi)ose  of  surplus  rainfall  may 
doubly  need  it  when  irrigation  is  sup])lied. 

Preparation  of  land  for  irrigation  should  also  include  deep  tillage 
and  subsoiling.  This  is  also  desirable  upon  other  accounts  as  well,  but 
with  irrigation  it  is  essential  that  every  cultural  effort  should  be  made 
to  promote  deep  penetration  of  the  water  and  deep  rooting  of  the 
plants. 

METHODS  OF  APPLYIHG  IRRIGATION  WATER. 

Methods  of  irrigation  must  vary  according  to  the  amount  of  water 
available,  the  soil,  the  lay  of  the  land,  the  character  of  the  crop,  and 
there  can  be  no  best  method  under  all  circumstances.  With  the  experi- 
ence of  half  a  century  in  California  there  have  come  to  be  a  few  methods 
generally  recognized  to  be  best,  each  for  the  conditions  which  govern 
its  preference.  As  the  writer  is  most  familiar  with  these  methods  they 
will  naturally  be  chosen  for  discussion,  in  the  hope  that  information 
regarding  them  will  at  least  be  suggestive  to  those  who  may  be  con- 
templating work  along  irrigation  lines  in  other  parts  of  the  country. 
Points  of  value  in  a  method  must  include  the  following: 

(1)  Distribution  of  moisture  evenly  throughout  the  soil  mass  to  as 
great  a  depth  as  possible,  providing  it  does  not  sink  beyond  the  reach 
of  the  plant  by  root-extension  nor  beyond  recovery  by  capillary  rise. 

(2)  Economy  of  labor  both  in  aggregate  time  and  in  the  feasibility  of 
operating  without  employment  of  extra  hands. 

(3)  Economy  of  water  in  the  prevention  of  waste  by  overflow  or 
evaporation  or  by  rapid  percolation,  and  in  placing  the  water  where  it 
will  do  the  most  good. 

(4)  Leaving  the  land  in  the  best  condition  for  attaining  with  least 
labor  a  state  of  tilth  which  conserves  moisture  and  at  the  same  time 
favors  thrift  in  the  plant. 

Whichever  method  most  nearly  attains  these  ends  in  a  certain  soil 
and  situation  is  the  best  lor  that  particular  case.  But  no  method 
attains  them  all  under  all  conditions,  and  one  has  to  judge  which  con- 
sideration can  best  be  disregarded,  as  of  the  least  importance,  to  secure 
other  greater  benefits. 

PERMANENT  DITCHB8. 

Permanent  ditches  are  an  old  means  of  applying  irrigation  water. 
They  are  led  out  from  the  main  ditch  wherever  the  water  will  follow  the 
hoe  at  about  the  right  speed  for  lateral  seepage  in  sufiBcient  amonnt, 
and  planting  is  done  alongside  about  as  far  as  the  influence  of  the 
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water  can  be  connted  on.  The  chief  claim  of  the  method  is  economy  of 
labor,  and  that  was  saflicieut  to  sway  the  minds  of  its  inventors  in  favor 
of  anything.  It  gives  a  very  uneven  distribation  of  water,  it  wastes 
both  land  and  water,  and  it  does  not  favor  soil-stirring  and  plant  thrift. 
It  has  no  standing  at  the  present  time  except  i>erhaps  as  a  makeshift 
to  grow  a  little  staff  in  a  corner  for  home  use. 

FLOODINa. 

By  flooding  is  meant  snrface  flow  with  very  little  restraint  or  guid- 
ance. It  is  a  very  rapid  way  to  get  a  good  deal  of  water  over  the  land, 
and  sometimes  rapidity  is  a  ruling  factor  when  one  has  only  a  sliort  run 
of  a  large  stream.  It  is  cheap  but  proportionally  disagreeable,  because 
the  irrigator  has  to  work  in  the  water  and  use  all  his  strength  and 
speed  to  help  the  water  reach  all  points — which  however  it  never  does 
in  equal  volume.  At  best  the  surface  is  partly  well  soaked,  partly  dry 
places,  and  partly  mud  holes,  and,  when  cultivation  follows,  the  plow 
turns  up  dust  and  mud  and  good,  moist  soil  in  varying  ]>roportions. 
For  grain  or  forage  crops  flooding  may  in  some  cases  be  a  defensible 
method,  but  the  check  system  is  vastly  better  even  if  somewhat  more 
costly.  Flooding  has  cheapness  and  speed  for  its  chief  claims,  and  it 
sacrifices  all  the  other  points.  It  usually  requires  several  hands — more 
or  less,  according  to  the  head  of  water  which  is  being  handled. 

Flooding  the  orchard  is  sometimes  improved  by  turning  a  furrow  on 
each  side  of  the  space  between  the  rows  and  then  admitting  the  water 
to  one  row-space  after  another.  With  this  slight  leveeing  more  even 
distribution  is  secured,  for  all  the  water  has  to  flow  in  a  thin  sheet  over 
tiie  ground  between  the  furrows  and  has  a  better  chance  to  reach  all 
points  of  the  surface,  and  where  the  slope  is  very  slight  it  will  work 
fairly  well.  The  furrows  protect  the  base  of  the  tree  from  contact  with 
the  water,  which  is  a  good  thing.  Where  orchard  land  is  kept  under  a 
cover  crop  which  it  is  not  desirable  to  disturb  this  method  of  irrigation 
may  suit  the  conditions  very  well,  unless  the  land  is  properly  checked 
before  the  crop  is  put  in,  and  if  this  is  done  it  is  not  called  flooding  the 
land  but  flooding  the  checks,  which  will  be  described  later. 

Flooding  in  general  is  obviously  adapted  to  land  which  will  take 
water  rapidly,  because  the  run  is  short,  and  a  short  run  on  a  close  soil 
sends  the  volume  of  water  across  the  lower  edge  of  the  field  before 
much  i)enetration  has  been  secured.  Flooding,  therefore,  is  generally 
deceptive,  and  the  laud  gets  much  less  water  than  it  seems  to.  It  is 
directly  opposed  to  the  furrow  system,  which  will  be  described  presently. 
If  that  is  attempted  on  land  which  takes  water  too  readily  it  will  get 
much  more  than  it  seems  to  get,  because  tiiere  will  be  no  satisfactory 
lateral  seepage,  but  too  brisk  vertical  percolation,  and  water  can  not 
be  carried  far  enough.  A  small  stream  will  run  directly  to  the  lower 
strata  and  o.ut  of  reach  of  the  plant  if  the  soil  is  deep  and  rests,  as  is 
often  the  case,  on  coarse  sand  or  gravel.  For  such  a  condition  of 
affairs  the  check  system  is  better  than  flooding,  as  will  be  seen. 
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Water  for  flooding  is  diverted  wherever  desired  from  the  head  ditch 
of  the  area  which  is  being  irrigated.  This  is  commonly  done  with  a 
cut  in  the  side  of  the  ditch,  using  a  x)ortable  cloth  or  iron  dam  to  throw 
the  water  out  of  the  cut.  These  contrivances  are  a  great  improvement 
over  the  old  method  of  shoveling  dirt  into  the  ditch.  Some  make  a 
series  of  wooden  gates  in  the  ditch  which  can  be  slid  up  to  let  out  the 
water  at  intervals.  Cement  ditches  and  buried  pipes  with  hydrants 
are  also  used  for  flooding.  The  capacity  must  depend  upon  the  extent 
of  the  area  to  be  flooded.  Wooden  flumes  are  also  used,  and  they  are 
very  desirable  because  of  ease  of  diversion,  and  with  a  good  flume  the 
head  of  water  can  be  handled  with  fewer  men, 

CHBCKS. 

A  modification  and,  in  most  respects,  a  great  improvement  of  irriga- 
tion by  flooding  conSista  in  the  use  of  what  are  called  checks.  It  is 
really  flooding  by  the  use  of  levees  which  check  the  movement  of  the 
water  and  restrict  it  to  definite  areas,  thus  giving  the  assurance  that 
the  water  shall  remain  on  this  area  until  it  sinks  out  of  sight.  It  has 
certain  manifest  advantages:  (1)  It  makes  it  possible  to  know  that  a 
certain  amount  of  water  has  actually  been  applied,  because  it  is  easy 
to  see  the  depth  of  water  which  has  stood  in  the  inclosure.  (2)  It 
enables  the  irrigator  to  quickly  spread  a  considerable  depth  of  water 
over  the  surface,  and  thus  bring  even  moisture  to  soil  so  leachy  that  a 
small  application  would  disappear  vertically  without  lateral  seepage. 
(3)  It  facilitates  the  use  of  a  large  run  of  water  in  a  short  time.  (4) 
It  gives  satisfactory  irrigation  where  other  methods  fail. 

The  development  of  the  present  systematic  check  system  from  its 
antecedent  flooding  system  was  gradual.  It  began  with  imperfectly 
formed  levees  made  with  the  plow  at  irregular  intervals,  and  subject  to 
breaking  away  on  the  low  side,  because  the  water  collected  there,  and 
lefb  the  high  side  out  of  the  water  and  consequently  less  thoroughly 
soaked.  To  meet  this  and  replace  crude  methods  of  handling  water  in 
filling  checks,  improvements  have  been  made  in  the  system  until  at 
the  present  time  the  levees  are  quickly,  evenly,  and  strongly  made  by 
the  use  of  special  tools  and  methods,  and  the  handling  of  water  is  so 
successful  that  the  work  can  be  most  rapidly  done  with  little  chance  of 
break  or  runaway  water.  It  has  become,  in  fact,  a  model  of  even  dis- 
tribution of  water.  It  does,  however,  require  the  shifting  of  consider- 
able earth,  wbich  has  afterwards  to  be  worked  back  to  its  place  before 
cultivation  of  the  whole  surface  can  be  undertaken,  and  as  the  ground 
has  been  so  thoroughly  surface- soaked  it  must  be  worked  immediately 
upon  the  arrival  of  proper  condition,  to  escape  baking  and  a  cloddy 
surface  which  is  difficult  to  pulverize.  Fortunately,  however,  the  dis- 
position to  run  together  and  bake  renders  the  soil  better  adapted  to 
the  use  of  the  small-furrow  system  which  is  the  ruling  method  for  such 
solid,    AU  forms  of  flooding  or  checking  of  cultivated  land  succeed 
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best  on  a  light,  coarse  soil  which  takes  water  most  easily  and  suffers 
least  from  water  standing  for  a  time  apon  its  surface. 

Checks  along  contour  lines  are  little  used  in  fruit  growing  at  the 
present  day;  they  are  specially  adapted  to  the  iiTigation  of  alfalfa  or 
grain  fields.  Where  the  grade  is  slight  and  uniform  and  the  contour 
lines  are  nearly  parallel  some  fruit  lands  are  handled  in  that  way. 

The  prevailing  method  of  checking  orchards  is  to  disregard  contour 
lines  because  the  slight  departures  from  the  level  can  be  easily  met  by 
a  little  increase  in  the  height  of  the  levee  on  the  low  sides.  Levees 
are,  then,  usually  made  between  the  rows  so  that  each  tree  stands  in 
its  own  inclosure,  though  in  some  cases  the  checks  are  made  larger. 
The  size  of  the  check  obviously  is  governed  by  the  slope  of  the  ground. 
The  success  of  tbe  check  system  depends  very  much  upon  being  thor- 
oughly ready  before  the  water  is  turned  into  the  head  ditch  or  flume. 
The  proper  thing  to  do  is  to  plan  the  operation  out  well  from  start  to 
finish  and  have  the  ground  all  ready.  If  that  is  done  the  amount  of 
water  each  man  will  handle  is  very  great. 


Fio.  3.—*'  Ridger  "  for  levee  making  in  the  cheok  system  of  irrigating  trees  and  vines. 

The  first  step  after  deciding  how  the  water  shall  be  run  is  to  loosen 
the  surface,  both  for  absorption  of  water  and  to  secure  plenty  of  loose 
soil  to  make  the  check  levees  or  ridges.  The  plow  is  often  used.  More 
recently  the  disk  harrow,  cutting  a  good  depth,  has  become  popular. 
Some  work  the  whole  surface  of  the  ground,  others  only  plow  a  few 
furrows  or  run  the  disks  about  where  tbe  ridges  are  to  be  made.  If  the 
soil  is  quite  light  and  it  has  been  kept  well  cultivated  the  latter  method 
will  do  very  well  and  save  time  if  the  checks  are  to  be  of  good  size. 
There  is  what  is  called  '*  single  checking,'^  in  which  one  series  of  checks 
covers  the  ground  from  the  center  of  the  interspacje  of  one  row  of  trees 
to  the  center  of  another;  "  double  checking"  is  that  in  which  two  series 
occupy  the  same  space,  one  series  inclosing  the  trees,  another  being 
wholly  in  the  interspace.  Single  or  double  checking  depends  upon  the 
slope,  the  more  rapid  the  slope  the  smaller  and  more  numerous  the 
checks  needed  to  hold  the  water  evenly  upon  the  whole  surface. 

The  ridges  or  levees  are  made  very  perfectly  and  quickly  with  three 
implements  for  horse  use;  the  ^^ridger,''  the  '^ jump  scrape,"  and  the 
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"crowder/^  which  can  be  readily  described.  The  "ridger"  (fig.  3)  is  a 
sled  with  rather  deep,  solid  runners  made  either  of  plank  or  sheet  steel. 
These  runners  are  set  nearer  together  behind  than  in  front,  so  that 
when  moving  forward  the  quantity  of  loose  dirt  taken  in  front  must 
rise  to  escape  through  the  narrow  opening  behind.  The  result  is  that 
when  the  man  jumps  on  the  sled  and  starts  the  team  the  runners  sink 
in  the  loose  dirt,  and  as  it  goes  forward  this  dirt  is  left  in  a  ridge  in 
the  wake  of  the  sled.  As  the  platform  of  the  sled  is  rather  high, 
because  of  the  deep  runners,  it  can  be  run  again  over  the  same  ground 
and  raise  the  dirt  higher.  In  this  way  the  chief  work  of  the  ridging 
is  done  by  working  from  row  to  row  of  trees,  back  and  forth,  usuaUy 
making  first  all  th§  ridges  which  are  parallel  to  the  head  ditch  or  at 
right  angles  to  the  flow  of  the  water.  When  these  are  all  made  the 
ridger  is  started  at  one  siide  of  the  land  and  the  ridges  at  right  angles 
to  those  first  made 
are  pat  in  and  the 
land  is  marked  off' in 
squares  like  a  check- 
erboard. 

The  checks  are, 
however,  not  yet 
ready  to  hold  water. 
Where  the  ridger 
has  crossed  the  first 
ridges  in  making  the 
cross  ridges  it  has 
broken    down     the 

fii.«f   CLTM^  ^Vmx  n/iri.arQ    ^^^*'  * -**J""»P  scrape"  used  tooompleteleveea  made  by  the  "ridger" 

nrst,  ana  une  corners  ^^^  ^j^^  ^j^^^  syeiem. 

are  therefore  imper- 
fect. Bopairing  of  these  corners  was  at  first  done  by  hand  shoveling, 
but  a  labor-saving  device  called  the  ''jump  scrape"  (fig.  4)  is  now  widely 
used.  It  consists  of*a  slightly  curved  plate  of  steel  fastened  to  a  standard 
with  beam  and  handles  like  a  light  plow.  With  a  light  horse  a  man 
starts  down  through  the  checks  close  to  the  last  made  ridge,  and  as 
each  corner  is  approached  he  sinks  the  handles  so  that  the  shovel  plate 
takes  some  dirt,  and  at  the  right  point  he  throws  this  dirt  into  the 
comer  without  stopping  and  proceeds,  doing  the  same  thing  in  each 
imperfect  corner.  After  this  very  little  is  needed  to  make  the  checks 
all  water-tight. 

This  covers  the  whole  field  with  checks,  or  rather  with  square  areas 
inclosed  with  checks  or  check  levees.  To  handle  water  in  this  arrange- 
ment it  must  be  turned  into  the  highest  check  nearest  to  the  source  of 
supply,  and  when  that  is  filled  allow  it  to  spill  over  into  the  next  lower 
and  so  on,  or  else  the  water  must  be  carried  in  a  detachable  pipe  over 
all  the  checks  to  the  lowest  one  (fig.  5).  Fill  that,  take  ofi'  a  length 
of  pipe,  fill  another  check;  and  so  on  until  the  top  check  is  reached, 
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the  pipe  being  reconDected  meantime  over  the  next  series  of  checks. 
This  pipe  method,  using  galvanized  iron  pipe  with  slipjoiuts,  is  very 
satisfactory  where  the  grade  is  rather  sharp  and  doable  checks  are 
needed,  and  where  allowing  the  water  to  run  from  check  to  check  would 
be  almost  to  invite  a  break  away,  or  running  the  water  down  in  a 
ditch  outside  of  the  checks  would  be  likely  to  produce  cutting  and  soil 
shifting. 

Where,  however,  the  grade  is  gradual,  so  that  water  even  in  a  large* 
stream  can  be  «afely  let  down  in  a  ditch,  the  arrangements  for  tilling 
the  checks  from  a  common  source  and  not  from  each  other  is  easily 


Fig.  5.— System  of  double  chocking  and  filling  checks  with  detachable  pipes. 

made.  Midway  between  the  rows  of  trees  the  ridger  is  run  twice  on 
parallel  lines  a  little  apart.  This  makes  two  ridges  near  together  which 
are  easily  made  into  a  ditch  by  the  use  of  tho  "crowder."  (Fig.  6.) 
This  is  a  V-shaped  implement  made  of  plank  or  iron,  hitched  to  the 
horse  by  the  apex,  with  handles  from  a  crossbar,  and  usually  having 
one  long  arm  and  one  short  one.  It  is  merely  a  small,  light  form  of  the 
V-scraper,  which  crowds  the  loose  dirt  between  the  ridges  to  each  side, 
thus  clearing  out  and  defining  a  ditch.  The  head  of  water  for  filling 
the  checks  is  turned  into  this  ditch,  and  as  it  reaches  the  two  checks  at . 
the  bottom  it  is  lot  into  one  or  both  of  them  by  cuts  in  the  levee,  and 
when  these  are  tUletl  it  ia  diverted  into  the  checks  just  above,  and  so 
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on  antil  all  are  filled.  Sometimes  the  highest  check  on  one  side  of  the 
ditch  is  opeued,  then  the  next  on  the  same  side,  and  so  on  to  the  bottom. 
Then  returning,  the  checks  on  the  opposite  side  are  opened  one  after 
another  from  the  bottom  up  so  that  when  the  last  is  filled  the  irrigator 
18  at  the  highest  point  ready  to  send  the  water  along  the  head  ditch  to 
the  next  series  of  cheei.  *5. 


Fio.  6.— "Crowdor"  used  iu  the  preparation  for  distributiou  of  water  in  the  check  system. 


This  is  an  outline  of  the  work,  enough,  perhaps,  to  start  a  i>er8on  of 
some  ingenuity  on  the  i>athway  of  experience  where  lie  will  learn  many 
little  and  important  things  in  the  handling  of  water,  treatment  of  levees, 
etc.,  all  of  which  help  to  handle  a  stream  of  water  without  disaster  but 
which  can  hardly  be  taught  by  descriptive  words. 

BASIN  S7STEM. 

The  system  which  has  just  been  described,  and  which  aims  to  apply 
water  to  the  whole  surface  of  the  ground,  is  sometimes  called  a  basin 
system  because  the  water  is  held  in  small  inclosures;  but  the  writer  is 
of  the  opinion  that  the  term  basin  should  be  restricted  to  inclosures 
which  do  not  aim  at  covering  the  whole  surface,  but  only  a  small  area 
immediately  surrounding  the  tree.  What  has  been  calle<l  the  check 
system  is  clearly  a  more  rational  and  perfect  method  of  flooding.  The 
term  '^basin"  will  be  used  to  signify  a  method  which  was  apparently 
employed  at  first  to  escape  the  flooding  system  and  to  apply  the  water 
where  it  was  thought  to  do  most  good.  If  this  surmise  is  true  the  sys- 
tem is  founded  upon  a  misconception  which  has  prevailed  also  in  the 
practice  of  fertilization,  that  the  tree  derived  its  chief  benefit  from  the 
soil  immediately  surrounding  and  beneath  its  bole,  and  that  distant 
applications  were  likely  to  be  wasted.  Years  ago  it  was  held  that  the 
lateral  root  extension  of  a  tree  was  equal  to  the  spread  of  its  branches, 
but  recent  investigations  have  shown  that  under  favorable  soil  condi- 
tions the  root  extension  is  vastly  greater.  It  is  not  reasonable  then 
to  restrict  water  oi  other  plant  food  to  the  region  chiefly  occupied  with 
the  stay  roots  and  not  the  feeding  roots  of  the  tree.  Another  error  of 
knowledge  and  judgment  as  to  the  movement  of  water  in  soils  was 
also  involved  in  the  early  recourse  to  the  basin  system,  and  that  was 
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that  the  water  would  remain  in  this  region  which  was  supposed  to  be 
of  most  service  in  the  growth  of  the  tree.  ISo  adequate  knowledge 
existed  as  to  the  thirst  of  the  encompassing  dry  soil  and  the  movement 
of  water  by  lateral  seepage.  It  is  true  that  one  of  the  misconceptions 
or  errors  offsets  the  other  to  a  certain  extent  and  that  the  water  did 
move  toward  regions  away  from  the  trunk  and  thus  minister  to  the 
outer  root  extensions  to  a  certain  degree,  but  the  mass  thus  moistened 
was  in  such  small  ratio  to  the  dry  mass  surrounding  it  that  the  tree 
was  inadequately  served  and  was  continually  restricted  in  its  growth  by 
the  heat,  dryness,  and  impenetrability  of  the  surrounding  mass,  and 
continually  losing  thrift  by  the  extension  of  rootlets  into  a  region  of 
alternating  drought  and  moisture.  The  teachings  of  experience  and 
observation  were,  long  ago,  in  support  of  application  of  water  to  the 
whole  soil  mass,  except  in  very  young  trees,  but  even  with  these  the 
moisture  should  considerably  outreach  the  root  growth  until  the  whole 
is  moistened.  Even  where  the  basin  system  is  used,  for  reasons  which 
will  be  stated  later,  it  is  still  a  frequent  observation  that  basined  trees 
do  not  do  so  well  and  that  they  show  distress  sooner  than  those  under 
systems  which  secure  more  complete  water  distribution. 

The  basin  system  may  be  conceded  these  possibilities:  (1)  Trees  may 
be  grown  on  hillsides  too  steep  for  other  means  of  irrigation  unless  the 
hillside  be  previously  terraced;  (2)  the  basins  afford  an  opportunity  to 
use  a  very  small  stream  of  water  by  allowing  it  to  run  for  a  long  time 
in  each  basin,  thus  making  a  miniature  reservoir  at  the  base  of  each 
tree;  (3)  for  young  trees  a  small  amount  of  water  may  sustain  growth, 
while  with  other  methods  the  same  amount  of  water  would  be  almost 
wholly  lost  by  evaporation  or  percolation,  or  both;  (4)  the  expense  of 
wider  application  of  water  and  the  necessary  after  cultivation  is 
obviated.  Against  these  it  may  be  urged  that,  up  to  a  certain  degree 
of  slope,  double  checking  will  secure  better  saturation ;  that  experience 
has  shown  it  to  be  dangerous  to  the  planter  to  grow  many  young  trees 
on  the  expectation  of  greater  water  supplies  to  meet  their  later  needs, 
unless  he  is  fortunate  enough  to  sell  out  to  a  tenderibot  before  these 
needs  arrive;  that  whatever  outlay  may  be  obviated  by  having  the 
larger  part  of  the  orchard  area  unstirred  is  a  heavy  discount  upon  the 
future  growth  and  productiveness  of  the  trees,  and  that  basining  with- 
out cultivation  brings  the  soil  into  a  dense  unaerated  condition  fatal 
to  plant  life  as  far  as  the  water  reaches,  which  subsequent  cultivation 
rarely  brings  again  into  condition  favoring  growth.  Basining  differs 
from  f[oo<ling  and  checking  in  this,  that  it  counts  on  shaping  the  water 
receptacles  not  ofteuer  than  once  a  year,  and  too  generally  looks  upon 
them  as  permanent  structures.  Still,  it  must  be  admitted  that  there 
are  conditions  of  soil,  water  supply,  and  topography  which  give  the 
basins  standing  as  the  best  system  available  under  the  circumstances. 

In  planting  on  hillsides,  terracing  is  the  foundation  of  the  basin 
system.  Terraces  are  plowed  and  scraped  out  until  they  have  width 
enough  to  accommodate  a  line  of  basics  aii(i  a  ditch  at  the  footof  CAcb 
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bauk  to  supply  them.  The  terraces  are  given  a  little  fall,  alternating 
in  direction,  so  that  the  water,  starting  Ax>m  the  ridge  above,  is 
dropped  through  a  box,  or  otherwise  let  down,  from  the  low  end  of  one 
terrace  to  the  high  end  of  the  next,  and  so  on  until  the  stream  reaches 
the  bottom  of  the  slope.  As  a  basin  is  reached  it  is  filled  and  closed 
and  the  water  sent  along  to  the  next  and  so  on.  As  these  basins  are 
usually  small  and  shallow  they  are  filled  two  or  three  times  in  succession 
at  each  irrigation. 

Terracing  in  an  arid  region  is  attended  with  objections  other  than 
the  cost  The  banks  are  bare  through  the  dry  season,  except  as  they 
may  be  tenanted  by  unhandsome  drought-proof  weeds,  and  are  very 
different  in  appearance  from  the  grass-covered  slopes  of  the  humid 
region.  Nothing  can  be  grown  upon  them  except  at  too  great  cost  of 
labor  and  water.  Then,  too,  the  area  of  hard  surface  occasions  a  great 
loss  of  water  by  evaporation,  so  that  even  irrigated  trees  may  be 
stunted  by  drought.  The  soil  of  the  banks,  unrestrained  by  turf,  is 
often  out  and  washed  badly  by  heavy  rains,  and  then  fills  the  ditch 
and  basin  below  and  occasions  considerable  repairs.  Wherever  water 
can  be  handled  in  contour  ditches  or  furrows,  terracing  should  seldom 
be  undertaken  for  commercial  purposes. 

With  slopes  which  do  not  require  terracing,  basins  on  the  steeper 
parts  are  largely  made  by  hand  labor,  after  plowing  to  loosen  the  whole 
surface,  and  the  operation  consists  in  moving  the  earth  from  the  upper 
side  of  the  tree,  so  as  to  form  a  circular  levee  on  the  lower  side,  until 
the  tree  stands  in  a  level,  roundish  pan  as  large  as  can  be  made  with- 
out too  much  excavation  and  filling.  As  the  slope  becomes  less  the 
basins  enlarge  and  reach  a  diameter,  finally,  where  the  sides  can  be 
made  by  turning  a  small  horse  or  mule  around  the  tree  with  a  plow, 
the  rim  being  further  raised  and  shajied  by  hand  so  as  to  hold  3  inches 
or  more  of  water  without  danger  of  breaking  away. 

The  basins  are  filled  with  a  small  stream  by  ditch  or  hose  or  pipe 
line,  according  to  the  ground  and  notion  of  the  irrigator.  They  are 
filled  at  such  intervals  as  the  water  supply  admits  or  the  growth  seems 
to  need.  The  basin  bottom  is  rarely  disturbed.  The  cracking  soil  is 
finally  given  another  dose  of  water  to  close  up  its  wounds;  meantime 
the  frequent  surface  soaking  puddles  the  soil  and  the  condition  unfavor- 
able to  growth  arrives  sooner  or  later,  according  to  the  disposition  of 
the  soil  to  run  together  by  water  settling.  Drying  and  cracking  is 
lessened  by  filling  the  basin  with  manure  or  rotten  straw  or  other  light 
rubbish,  or  by  a  layer  of  coarse  sand  on  the  bottom.  As  the  tree  grows 
the  foliage  shades  the  basin  and  thus  reduces  evaporation. 

LARGE-FURROW  87STEM. 

Next  in  order,  perhaps,  to  the  systems  which  involve  levee  construc- 
tion should  come  the  more  or  less  permanent  waterways  near  the  trees, 
which  may  be  considered  one  phase  of  a  furrow  system.  (Fig.  7.)  In 
one  form  it  is  a  very  old  method^  viz^  taking  out  water  wherever  it 
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would  follow  a  forrow  at  the  right  speed  and  planting  adjacent  ground, 
relying  upon  the  seepage  from  the  ditch  thus  marked  out.  This  has 
been  discussed  already.  A  method  which  perhaps  belongs  to  the  same 
class,  and  yet  is  as  marked  an  improyement  upon  its  prototype  as 
the  check  system  is  upon  flooding,  is  the  large-furrow  irrigation. 
It  has  two  main  divisions,  the  contour  ditch  on  hillsides  and  the  mid- 
row  ditch  on  the  level.  They  both  act  by  seepage,  as  did  the  old 
permanent  ditch,  but  they  differ  from  it  in  being  frequently  broken 
up  by  cultivation,  which  removes  the  chief  objectionable  feature  of  the 
old  ditch. 


Fig.  T.—Irrigatlon  of  young  orange  treea  by  the  furrow  system. 

On  hillsides  the  furrows  are  sometimes  allowed  to  remain  during  the 
rainy  season,  because  they  oft'er  a  convenient  way  to  carry  down  storm 
water  and  prevent  cutting,  but  they  are  thoroughly  obliterated  by  the 
spring  plowing  and  cultivation,  and  reopened  when  irrigation  must 
begin,  about  two  months  later.  The  new  furrows  will  probably  not 
occupy  the  same  ground  as  the  old,  for  the  line  may  start  above  at  a  dif- 
ferent point,  and  in  the  rough  leveling,  which  is  done  partly  by  the  eye 
and  partly  with  the  surveyor's  level  or  the  triangle,  there  will  be  consider- 
able variation  from  the  previous  season's  locating.  The  locating  is 
approximately  on  contour  lines,  but  with  such  fall  therefrom  as  will 
parry  the  water  without  too  much  Sjjeed  and  facilitate  turning  at  the 
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boondaries  of  the  area  being  irrigated  to  deliver  the  water  into  a  lower 
'  farrow  which  recrosses  the  irrigation  surface.  Thas,  the  general  plan 
is  an  irregular  zigzag  by  which  the  water  passes  from  the  supply  at 
the  top  of  the  slope  to  the  outflow  at  the  bottom,  running  slowly  enough 
to  saturate  all  the  soil  to  the  bed  rock,  which  is  usually  not  far  below, 
and  which  assists  in  the  lateral  distribution  by  the  underflow  ajong  its 
.  surface.  Sometimes  the  water  is  let  down  by  a  zigzag  on  each  side  of 
the  irrigation  &ce  (irrigated  area)  and  furrows  connect  one  zigzag  with 
the  other,  the  outflow  from  a  higher  area  being  caught  by  a  zigzag  on 
a  lower  face  and  thus  distribution  is  accomplished  over  hillsides  with 
several  differing  slopes. 

The  efficacy  of  this  single  furrow  or  ditch  is  due  to  the  fact  that 
the  bed  rock  prevents  the  escape  of  the  water  downward  and  the 
slope  of  the  rock  promotes  lateral  distribution.  In  some  cases,  also,  the 
bed  rock  consists  of  plates  standing  on  edge,  between  which  excess  of 
water  sinks  and  the  roots  follow  it.  Where  the  rock  is  a  flat  plate  at 
small  incline  there  is  sometimes  injury  from  accumulation  and  retention 
of  water,  and  drainage  is  necessary,  while  a  comparatively  short  time 
thereafter  irrigation  is  again  necessary,  because  the  shallow  layer  of 
soil  can  not  long  hold  water  against  capillarity  and  evaporation,  even 
though  the  surface  cultivation  may  be  good.  The  furrows  for  this  style 
of  hillside  irrigation  are  usually  put  in  with  a  double- moldboard  plow, 
following  a  line  of  stakes  previously  located.  On  regular  slopes  the 
trees  could  be  planted  approximately  on  contour  lines  to  facilitate  this 
annual  furrowing,  but  for  the  purpose  of  having  the  trees  equidistant, 
to  evenly  divide  the  ground,  and  facilitate  cultivation,  the  planting  is 
generally  done  in  equilateral  triangles.  When  the  furrow  is  put  in  for 
irrigation  it  may  follow  a  line  of  trees  for  a  time  and  then  shoot  across 
the  row,  one  way  or  another,  to  follow  the  grade  desired  for  the  water. 
It  does  not  matter  much  to  the  tree  where  the  ditch  runs,  for  the  whole 
ground  is  to  be  saturated  in  the  way  described  above. 

The  i>oint  of  greatest  difficulty  in  the  use  of  this  system  is  to  secure 
a  good  turn  for  the  water  at  the  end  of  the  grade.  The  turn  is  often 
quite  sharp  and  the  water  is  liable  to  cut.  This  is  sometimes  prevented 
by  spreading  pieces  of  old  sacking  over  the  dirt  and  sometimes  a  bunch 
of  swale  hay  or  other  fibrous  material  bedded  in  the  turn  holds  the  soil 
£Eist.  When  the  waterways  are  thus  well  fixed,  after  the  rains  are  over 
and  the  starting  of  weeds  is  very  scant,  the  orchard  may  be  left  with- 
out further  cultivation  for  the  balance  of  the  season,  water  being  applied 
to  the  ditches  once  in  two  or  three  weeks,  according  to  the  ascertained 
needs  of  the  trees  on  the  particular  location  and  soil  involved. 

Large  furrows  on  level  lands  are  chiefly  used  where  only  a  few  appli- 
cations are  necessary  and  the  trees  are  of  sufficient  age  to  occupy  all 
the  jg^und.  To  interfere  then  as  little  with  the  cultivated  surface  as 
possible  deep  ditches  are  plowed  out  midway  between  the  rows  and  a 
good  deal  of  water  is  turned  in  to  fill  all  these  ditches.    As  the  water 
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sinks  away  they  are  refille<i  to  wbatever  amonnt  the  trees  are  thought , 
to  ueed,  either  for  enlarging  the  frait  or  for  continuing  the  late  summer 
growth.  This  method  of  applying  water  is  chiefly  used  for  deciduous 
trees  wherever  a  limited  amount  of  irrigation  is  required  to  supplement 
rainfall  and  not  where  systematic  irrigation  is  the  chief  dependence. 
For  lands  which  take  water  quickly  thi&  method  is  believed  to  foster 
deep  rooting  and  for  old  trees  it  seems  to  serve  an  excellent  purpose. 
It  requires  a  considerable  volume  of  water,  such  as  can  be  had  by  pump- 
ing from  rivers  upon  the  orchards  near  the  banks  or  from  capacious 
wells  elsewhere.  It  requires  vastly  less  work  than  checking,  both  in 
preparation  of  the  ground  and  in  subsequent  cultivation. 

The  large  furrow  method  prevails  with  small  fruits,  and  where  the 
ground  is  level  is  used  for  certain  distances  with  outward  and  return 
flow  in  alternate  rows,  the  furrows  being  deepened  enough  at  opposite 
ends  to  allow  of  a  slow  movement  of  the  water  during  which  seepage 
saturates  the  slight  ridges  between  the  furrows,  upon  which  the  small 
fruits  are  set.  If  this  is  not  admissible  the  furrows  are  each  given 
water  from  the  flume  or  head  ditch  at  one  end  until  sufficient  saturation 
has  been  reached. 

SMALL-FURROW  S7STBM. 

This  is  the  most  popular  of  all  systems  in  California,  and  would  be 
almost  universal  if  it  worked  well  in  all  soils  (which  it  does  not).  It 
requires  land  in  which  vertical  percolation  is  not  excessive  and  lateral 
movement  is  adequate.  Its  unit  is  a  small  rill  of  water  running  for  a 
long  time,  filling  the  ground,  which,  while  it  becomes  gradually 
saturated,  still  allows  the  small  surplus  to  continually  proceed.  The 
irrigation  is  accomplished  by  multiplying  these  rills,  each  doing  its 
own  work,  with  the  result  that  as  they  all  reach  the  bottom  of  the 
grade  the  whole  area  is  deeply  and  thoroughly  soaked.  If  properly 
done  no  water  has  flowed  over  the  surface  and  it  is  possible  also  to  so 
regulate  the  water  that  very  little  flows  away  at  the  lower  end.  This 
result  is  impossible  on  land  that  swallows  up  a  small  stream  so  that  it 
might  run  for  days  and  never  gain  more  than  a  few  feet  of  distance. 
It  is  also  iin[>ossible  upon  a  grade  over  which  water,  unchecked,  could 
flow  without  penetration.  Where  a  small  stream  of  about  a  gallon  a  v>^ 
minute  will  run  so  slowly  that,  always  losing  water  and  yet  never  j 
being  itself  lost,  it  will  follow  a  furrow  something  like  40  rods  in  about 
twenty-four  hours,  the  soil  and  the  grade  are  both  suited  for  this 
method  of  irrigation.  Of  course  the  size  of  the  stream  must  be 
adjusted  to  the  soil  and  the  slope,  but  the  general  measure  given 
contains  a  rough  indication  of  fitness. 

The  advantages  of  the  small  furrow  system  of  irrigation  for  land 
which  it  is  intended  to  keep  with  a  bare  surface  frequently  stirred,  will 
include  thb  following:  (1)  It  thoroughly  soaks  the  ground  and  accom- 
plishes even  distribution  without  saturating  the  surface.  By  the  water 
drawn  up  from  the  little  stream  in  the  bottom  of  the  furrow  the  surface 
soil  is  fully  moistened,  but  does  not  run  together  as  it  would  with 

digitized  by  VjOOQIC 


39 


water  standing  apon  it;  (2)  the  displacement  of  the  soil  is  reduced  to  a 
minimum,  consequently  the  labor  is  also  thus  reduced,  and  the  cost  is 
less  than  of  any  other  method  which  distributes  so  evenly  and 
thoroughly^  (3)  there  is  no  reflection  of  the  sun  from  a  water  surface 
and  no  excessive  collection  of  water  at  the  base  of  the  tree,  or  contact 
of  standing  water  with  the  bark,  all  of  which  are  believed  to  be  causes 
of  injury  to  the  tree;  (4)  with  the  surface  well  prepared  the  distribu- 
tion is  almost  automatic  and  may  be  left  to  itself  for  hours  if  necessary; 
(5)  cultivation  after  irrigation  can  be  begun  sooner  and  the  land  brought 
to  fine  surface  tilth  at  less  cost  than  with  any  other  system  which 
would  give  equal  moisture  to  the  same  kind  of  land. 

Application  of  water  by  small  furrows  is  greatly  facilitated  by 
special  arrangements  which  are  now  almost  universally  used  in  Cali- 
fornia orchards  wo:  ked  by  this  system.  One  is  the  arrangement  of  the 
flume  which  is  to  feed  the  furrows  and  which  extends  along  the  high 
side  of  the  area  to  be  irrigated.    These  flumes  are  made  either  of 
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Fig.  8.— Flume  for  diatribution  of  water  in  the  furrow  bysteiu. 


cement  or  boards — the  latter  generally  preferred,  because  easily  made 
and  being  but  partly  below  the  surface,  can  deliver  water  to  the  fur- 
rows more  easily  than  a  cement  ditch  nearly  flush  with  the  ground 
surface;  besides,  openings  and  gates  to  adjust  the  amount  of  water 
allowed  to  escape  are  more  easily  contrived.  Two  things  are  essential 
to  the  even  delivery  at  all  openings  of  the  same  size:  First,  the  flume 
should  lie  nearly  level,  using  a  drop  now  and  then  as  necessary; 
second,  the  sides  of  the  flumes  should  be  all  of  the  same  height, 
so  that  there  shall  be  the  same  water  pressure  above  the  center  of 
the  openings,  which  are  round  holes  bored  in  the  sides  at  a  uniform 
distance  from  the  bottom.  If  the  flume  is  decreased  in  size  as  the 
distance  increases  from  the  starting  point,  make  it  narrower  on  the 
bottom,  not  lower  on  the  sides.  The  round  holes  are  usually  opened 
and  closed  with  metal  slides  moving  in  metal  cleats  tacked  to  the 
outside  of  the  flume.  These  gates  are  best  on  the  outside,  because  they 
are  less  liable  to  catch  loose  stuflT  in  the  water  and  they  are  more  easily 
adjusted  than  if  in  the  water  on  the  inside.    (Fig.  8.) 
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A  good  size  for  flumes  is  a  uniform  depth  of  7  inches  and  widths 
varying  from  16  to  8  inches.  Two  inch  holes  are  good  for  the  exits, 
though  some  use  smaller.  The  distance  between  the  holes  will  of  course 
be  the  distance  which  is  chosen  as  best  between  the  furrows,  which  is 
usually  about  2  feet.  With  young  trees  it  is  common  to  use  fewer  fur- 
rows and  run  them  near  the  trees.  As  the  trees  spread,  more  ftirrows 
are  used  until  the  whole  space  between  the  trees  is  furrowed,  except 
that  the  water  is  not  brought  as  close  to  the  trees  as  at  first. 

The  furrows  were  made  at  first  with  a  small  single  plow,  but  later 
several  plows  were  attached  to  a  frame,  and  now  the  "furrower'^or 
'^marker''  consists  of  a  frame  carrying  tour  or  more  plows,  with  two 
good-sized  wheels  several  feet  apart  on  a  shaft  ahead  of  the  plows  to 
steady  them  and  regulate  depth.  The  furrows  are  led  up  to  the  holes 
in  the  flume  and  the  water  is  started. 

There  is  a  great  deal  to  be  learned  by  experience  in  handling  water  in 
the  furrows,  as  by  other  methods.  It  is  important  that  the  lands  should 
have  equal  areas;  that  the  surface  should  be  free  from  depressions,  for 
there  the  water  will  collect  until  it  rises  above  the  ftirrows  and  finally 
runs  together  in  a  pond.  The  directions  in  which  the  furrows  are  run 
depend  upon  the  degree  of  the  slope ;  sometimes  straight  away  from 
the  flume;  sometimes  diagonally  through  the  rows,  giving  less  grade 
and  allowing  the  water  to  soak  in  better.  The  admission  of  water 
depends  upon  the  character  of  the  soil.  If  it  is  light  and  coarse  and 
takes  water  a  little  too  fast,  a  large  stream  will  rush  through,  carry  off 
much  soil,  smooth  the  sides  of  the  fnrrow,  and  make  percolation  less 
rapid  afterwards;  while  on  a  rather  heavy  soil  a  strong  rush  at  first 
would  almost  cement  the  sides  so  that  there  would  not  be  soaking 
enough.  Sometimes  a  larger  stream  may  be  given  aftei  the  ground  is 
wet  than  at  first.  After  the  small  stream  has  reached  the  end  a  still 
smaller  stream  from  the' flume  is  continued  for  twenty-four  hours  or 
more.  These  are  manifestly  things  that  must  be  learned  largely  fit)m 
experience  and  observation  on  the  spot. 

The  water  is  controlled  by  regulating  the  slides  in  the  flume,  closing 
them  down  as  nearly  to  uniform  openings  as  possible.  Some  are  able  to 
do  this  so  skillfully  and  to  so  gauge  the  stream  to  the  receptive  charac- 
ter of  the  soil  that  very  little  will  waste  at  the  lower  ends  of  the  furrows. 
This  is,  however,  rather  exceptional,  and  it  is  found  that  there  will 
either  be  quite  an  outflow  or  that  the  trees  at  the  lower  side  will  not  get 
enough  water.  Naturally  the  trees  near  the  flume  will  get  most  water, 
as  all  the  water  goes  by  them  and  least  of  all  passes  the  trees  at  the  other 
end.  To  prevent  loss,  then,  and  at  the  same  time  to  give  the  lowest 
trees  more  water  it  is  common  to  put  in  a  few  large  furrows  across  the 
lower  end  into  which  the  water  will  run  and  soak  away;  or,  what  is 
perhaps  better,  the  few  rows  at  the  lower  end  are  checked  and  the 
water  thus  collected.  Some  arrange  to  have  an  alfalfa  patch  below 
the  irrigated  area,  so  that  overflow  water  is  turned  to  good  account. 
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The  small-fnrrow  method  on  land  adapted  to  it  is  used  for  every- 
thing which  can  be  profitably  grown  in  rows  and  cultivated  after 
irrigation.  All  kinds  of  small  fruits,  vegetables,  and  field  crops  are 
thus  open  to  the  system,  the  number  of  furrows  depeuding,  of  course, 
upon  the  distance  between  the  rows  and  the  degree  to  which  the  soil 
favors  lateral  seepage. 

SX7BIRIIEOATION  METHODS. 

Introducing  water  below  the  surfiMse  to  escai>e  all  the  objections 
which  may  be  urged  against  prevailing  irrigation  methods  has  long 
been  the  subject  of  invention  and  investigation.  There  is  also  a  war- 
rant for  the  effort  in  the  fact  that  there  are  very  large  areas  of  profit- 
able land  in  the  irrigated  region  which  are  subirrigated  either  by 
natural  underflow  from  adjacent  higher  grounds  or  from  rivers  or  by 
artificial  underflow  from  adjacent  irrigated  lands  or  the  leaky  ditches 
which  supply  them.  The  frequent  mention  of  these  situations  as  ^<  sub- 
irrigated''  has  created  the  impression  in  distant  parts  that  California 
was  quite  extensively  using  a  subirrigation  system.  It  ia  a  misappre- 
hension. California  inventors  have  fitfhUy  laboied  with  the  proposi- 
tion for  the  last  twenty-five  or  thirty  years,  but  the  matter  has  not  yet 
passed  the  experimental  stage  and  the  acreage  irrigated  in  this  way  is 
insignificant. 

Subterranean  distribution  of  water  has,  however,  such  obvious  theo- 
retical advantages  in  preventing  loss  by  evaporation,  in  distributing 
water  at  a  level  which  should  encourage  deep  rooting,  in  reducing  the 
frequency  of  surface  cultivations,  and  possibly  in  automatic  distribution 
of  water  which  should  be  vastly  cheaper  than  any  kind  of  surface  flow, 
that  interest  will  always  pertain  to  the  proposition  and  eflbrts  will  be 
continually  put  forth  to  give  it  practical  realization.  For  these  reasons 
a  brief  characterization  of  subirrigation  systems  which  have  come 
under  the  observation  of  the  writer  will  be  given : 

About  twenty  years  ago  the  so-called  <^ Asbestine  system"  was 
devised.  It  consisted  of  a  farm  reservoir  in  which  water  was  collected 
to  furnish  a  certain  amount  of  pressure  throughout  a  system  of  jointless 
pipeB  laid  in  trenches  of  suitable  depth  at  whatever  distances  apart 
were  determined  by  the  facility  with  which  water  would  seep  laterally 
through  different  soils.  These  jointless  or  continuous  pipes  were  made 
of  cement  and  sand  by  a  machine  traveling  in  the  trench,  and  this  was 
resorted  to  to  preclude  the  entrance  of  roots  to  the  pipe,  which  was 
found  to  be  an  objection  to  the  older  systems  of  perforated  tiles.  At 
proper  distances  openings  were  made  in  the  top  of  this  pipe  and  a 
cement  standpipe  of  larger  diameter  was  saddled  upon  the  continuous 
pipe  at  each  of  these  openings,  the  standpipe  rising  to  the  surface  and 
having  a  cover.  When  the  water  was  properly  admitted  to  the  system 
from  the  reservoir  it  flowe4  iu  about  equal  volume  fh>m  all  the  open- 
ings, soaked  away  at  the  bottom  of  each  of  the  standpipes,  and  when 
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the  Bapply  was  sbat  off  and  the  water  disappeared  at  the  bottom  of  the 
standpipes  the  roots  could  not  reach  any  water  that  might  remain  in 
the  pipes  becaase  of  the  air  space  sarrounding  the  opening  seoored  by 
the  presence  of  the  standpipe.  Some  experiments  with  this  system 
were  made  but  the  cost  of  construction  was  seen  to  be  so  great  that 
interest  in  it  speedily  declined.  No  demonstration  was  had  that  the 
system,  properly  constructed,  would  not  successfully  distribute  water 
underground;  in  fact,  enough  was  done  to  show  that  it  would  do  so, 
and  it  is  an  interesting  fact  that  in  one  case  a  small  acreage  thus  piped 
was  allowed  to  go  unirrigated  for  a  number  of  years  because  rainfall 
seemed  ample  for  the  growth  of  fruit,  and  was  again  irrigated  by  the 
system  when  a  year  of  very  short  rainfall  brought  distress  to  the  trees, 
showing  that  it  remained  free  from  roots.  Still  the  cost  of  the  system 
remains  an  apparently  insurmountable  objection  to  its  introduction. 

A  system  of  distribution  has  been  proposed  which  differs  from  the 
foregoing  in  placing  the  standpipes  below  the  supply  pipes  and  bring- 
ing the  whole  distributive  system  below  the  reach  of  the  plow,  which 
is  an  advantage  in  point  of  cultivation  and  a  disadvantage  in  diffi- 
culty of  seeing  what  is  going  on.  The  author  of  this  system  proposed 
to  use  tile  to  conduct  the  water  from  one  of  his  standpipe  cisterns  to 
another,  and  trusted  to  their  drying  out  between  irrigations  to  remove 
all  inducement  to  root  entrance.  He  prescribed  more  pipe  and  more 
outlets  than  were  contemplated  under  the  earlier  system,  and  would 
presumably  get  a  better  distribution  of  water,  but  the  larger  amount 
of  cement  construction  and  of  excavation  would  probably  make  this 
system  even  more  expensive  than  its  prototype. 

A  system  of  similar  aims,  which  has  been  patented,  uses  water 
from  a  reservoir  through  a  system  of  iron  pipes  laid  beneath  the ' 
surface.  At  suitable  distances  the  pipe  has  small  holes  on  the  under 
side;  beneath  each  hole  is  a  cast-iron  chamber  open  at  the  bottom, 
and  around  this  casting  is  a  gravel  pocket  into  whi(;h  the  water 
will  flow  and  from  which  it  will  readily  soak  away  into  the  surrounding 
soil.  To  irrigate  trees  of  any  kind  a  line  of  pipe  is  laid  along  a  row  of 
trees  about  2^  feet  from  the  trees,  and  opposite  each  tree  a  gravel 
pocket  is  made,  and  each  one  of  these  pockets  holds  about  5  gallons  of 
water  when  full.  When  the  water  is  turned  on  it  continues  to  flow 
until  the  water  pressure  in  the  gravel  pockets  is  equal  to  the  pre8sure 
from  the  tank  or  reservoir,  and  then  the  water  ceases  to  flow,  only  as 
the  ground  absorbs  it.  This  system  also  occasions  large  outlay  for 
materials  and  labor. 

In  another  system  of  subiiTigation  three  quarter  inch  pipes  of  iron 
carried  the  water  to  2-inch  iron  standpipes,  or  hydrants,  fitted  with 
valves  or  plugs  to  regulate  the  flow.  The  water  issues  from  these  stand- 
pipes  through  small  perforations  in  the  sides.  The  entrance  of  roots 
to  the  pipes  is  prevented  by  the  fact  that  when  the  valve  below  is 
closed  the  interior  of  the  standpipe  becomes  dry. 
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Dr.  8.  M.  Woodbridge,  of  Los  Angeles,  has  in  use  an  outfit  which 
is  less  expensive  than  the  foregoing  system,  because  valves  are  dis- 
carded for  slots  cut  ill  the  stand  pipes  through  a  part  of  the  threads 
which  connect  it  with  the  T  in  the  main  pipe.  Partially  unscrewing 
the  standpipe  opens  these  slots  and  releases  the  water,  and  screwing  it 
do¥m  again  not  only  closes  the  slots  and  stops  the  water,  but  cuts  off 
any  roots  which  may  be  entering.  Both  systems  rely  for  distribution  of 
water  ui)on  a  small  release  at  a  central  i)oiut  equally  distant  from  four 
trees.  TheoreticaUy  the  objection  would  be  that  the  supply  would  be 
too  slow  and  scant  except  in  very  open  soils,  and  in  such  soils  there 
might  be  too  rapid  leaching  away  of  the  water  to  moisten  the  soil 
horizontally.  On  heavy  soils  lateral  seepage  from  perforations,  half 
the  distance  between  the  standpipes,  say,  10  or  more  feet,  could  hardly 
be  expected.  Being  automatic,  however,  and  acting  through  a  long 
period  of  time,  if  one  has  a  suitable  reservoir,  there  might  be  satisfac- 
tory amounts  distributed  in  all  except  leachy  soils. 

The  same  comments  would  apply  to  the  use  by  Dr.  Woodbridge  of 
a  long  line  of  iron  pipe  laid  along  the  surface,  with  small  openings  at 
intervals  discharging  a  trickle  of  water  into  each  of  a  series  of  spade- 
holes  placed  in  the  center  of  the  squares  formed  by  four  trees.  By 
regulating  the  flow  each  hole  can  have  just  what  will  soak  away  without 
overflow.  This  is,  however,  really  a  very  small  basin  system,  with  the 
basin  placed  as  far  from  the  tree  as  possible,  which  is  a  good  place  for  it 
providing  the  water  moves  well  laterally,  and  is  sufficient  in  amount. 

Thus  far  attention  has  been  given  to  deep  systems  of  subirrigation, 
such  as  would  benefit  the  growth  of  trees.  There  are  fewer  difficulties 
attending  such  shallow  system  as  might  best  serve  gardens  and  small 
fhiit  plantations.  There  is  reason  to  believe  that,  on  certain  soils,  dis- 
tribution through  simple  lines  of  tile  laid  near  the  surface  may  be 
more  satisfactory  than  running  water  in  furrows.  This  will  be  for  shal- 
low-rooting vegetables  and  berries,  where  the  pipes  are  to  be  relaid  and 
thrown  out  at  short  intervals  of  time.  The  entrance  of  roots  in  such 
cases  is  not  a  ruling  factor.  The  distribution  by  connecting  these  lines 
of  tile  with  a  head  ditch  or  flume  is  easily  effected,  and  shallow  cultiva- 
tion need  not  be  interfered  with.  But  even  in  such  case  the  cost  of 
tile  enough  to  cover  any  considerable  area  soon  reaches  high  figures, 
and  the  labor  of  laying  and  relaying  it  is  also  expensive.  It  is  doubt- 
ftil  whether  the  time  will  ever  come  when  such  systems  and  devices 
will  replace  well-regulated  surface  distribution  and  the  cultivation 
which  is  associated  with  it,  though  for  economy  of  water,  and  to  escape 
the  refractory  condition  which  some  soils  assume  upon  surface  irriga- 
tion, experimentation  in  this  line  certainly  commends  itself. 

Distribution  through  tile  laid  upon  the  surface  is  available  for  shal- 
low-rooting plants,  and  has  been  shown  to  be  economical  both  of  labor 
and  water.'    In  an  arid  region,  however,  the  prevention  of  surface  stir- 
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ring  of  the  soil  is  a  decided  objection  to  the  system,  unless  the  soil  be 
very  light  and  free  from  a  tendency  to  bake.  Surface  applioations 
not  followed  by  stirring  are  not  a  sabstitate  for  cnltivation,  as  already 
insisted  upon  in  another  connection.  It  is  a  common  experience  of 
beginners  that  plants  may  dwindle  and  fail,  though  water  may  be 
almost  daily  poured  around  them,  on  an  uncultivated  sur£eK^  Each 
new  application  seems  to  add  to  the  compact  and  inhospitable  charac- 
ter of  the  soil. 

HOW  MUCH  WATEE  IS  USED. 

Thus  have  been  hastily  sketched  the  different  ways  in  which  water 
is  applied  to  fruit  trees  in  California,  and  it  is  hoped  that  this  will  be 
found  suggestive  to  beginners  in  other  parts  of  the  country.  A  very 
interesting  question  is,  How  much  water  is  usedf  It  has  already  been 
claimed  that  this  question  can  not  be  answered  categorically  because 
of  the  differences  in  exposure,  soils,  rainfall,  and  in  the  requirements 
of  different  plants.  A  careful  inquiry  recently  conducted  by  the  writer 
included  the  experience  of  scores  of  irrigators  in  different  regions  of 
the  Pacific  coast,  and  disclosed  the  fact  that  the  amount  of  water  applied 
actually  difiered  even  more  widely  than  the  theoretical  computation 
based  upon  the  influence  of  the  variable  factors  mentioned  would  indi- 
cate. It  is  found  that  in  addition  to  topography,  mechanical  conditions 
of  soil,  and  varis^tion  in  plant  requirements,  and  at  the  same  time  some- 
what determined  by  them,  the  factor  of  frequency  intrudes,  and,  upon 
consideration  of  all  factors,  these  brief  deductions  are  suggested : 

(1)  With  adequate  depth  and  retentiveness  of  soil,  20  inches  of  rain- 
fall, if  duly  conserved  by  good  cultivation,  may  render  irrigation  unnec- 
essary for  deep-rooting,  deciduous  fruits. 

(2)  If  the  rainfall  on  such  soil  is  inadequate  it  may  be  satisfactorily 
supplemented  for  such  plants  by  winter  irrigation,  using  a  total  depth 
of  G  to  12  inches,  in  from  one  to  three  applications,  according  to  the 
receptivity  of  the  soil. 

(3)  Also,  for  such  soils  for  such  plants,  the  same  results  can  be  secured 
by  summer  irrigation  with  from  3  to  6  inches  of  water,  divided  into  two 
or  three  applications. 

(4)  Oil  deep,  leachy  soils  for  such  plants  neither  heavy  winter  rains 
nor  winter  irrigation  will  suffice,  and  a  monthly  application  of  2  or  3 
inches  of  water  from  May  to  August  or  September  may  be  required. 

(5)  Even  on  deep,  retentive  soils,  as  well  as  on  coarse  soils,  shallow- 
rooting,  deciduous  plants,  bearing  what  are  called  <^  small  fruits,"  may 
require  fortnightly  or  even  weekly  applications  amounting  to  4  inches 
a  month  during  the  dry  season. 

(6)  On  shallow  soils  of  retentive  character  even  deep-rooting  trees 
may  require  2  inches  monthly,  from  May  to  August,  while  on  shallow, 
coarse  soils  50  per  cent  more  water  may  be  necessary. 

(7)  On  shallow,  coarse  soils  shallow-rooting  small-fruit  plants  may 
fail  thi'ough  heat  and  drought  in  spite  of  any  frequent  use  of  water 
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which  is  commercially  practicable.  Sprinkliug  and  mulching  may 
make  the  plants  satisfactory  for  home  use. 

(8)  Evergreen  fruit  trees,  including  citrus  fruits,  require  about  50 
per  cent  more  water  than  deciduous  fruits  would  require  ux)on  the  same 
soil  and  in  the  same  location,  except  that  the  olive  will  thrive  with 
approximately  the  same  water  which  satisfies  a  deciduous  fruit  tree, 
but  it  must  be  available  later  in  the  season,  as  the  tree  develops  its 
fruit  later. 

These  deductions  are  not  intended  to  be  indications  of  what  is  nec- 
essary to  the  trees;  the  quantities  given  are  general  statements  of  what 
is  used  by  those  who  have  bearing  trees  and  secure  good  crops  of 
marketable  fruit 

AFTEE  T&EATMBHT  OF  lEBIGATED  LAND. 

In  most  parts  of  the  irrigated  region  clean  culture  is  practiced  dur- 
ing the  growing  season,  though  there  is  another  policy  which  seems  to 
suit  local  requirements  better  in  some  regions,  as  will  be  noted  pres- 
ently. This  clean  culture  is  undertaken  for  two  main  reasons.  One  is 
moisture  conservation,  which  has  been  pointedly  suggested  in  the 
previous  discussion  of  the  interrelations  of  irrigation  and  cultivation. 
Cultivation  is  undertaken,  then,  to  reduce  the  irrigation  requirements; 
to  retain  the  added  moisture  for  the  use  of  the  plant.  Experience 
amply  teaches  that  this  is  successfully  done,  and  investigation  has 
given  accurate  measure  of  conservation,  both  as  against  evaporation 
and  against  exhaustion  by  the  roots  of  weeds  and  intercultures  of 
crops.'  Just  as  barely  adequate  rainfall  may  be  rendered  amply  ade- 
quate by  clean  and  frequent  summer  cultivation,  so  irrigation  water 
may  be  reinforced  in  the  duration  and  suiliciency  of  its  efifects  by  the 
same  policy. 

But  another  and  important  office  of  cultivation  in  connection  with 
irrigation  lies  in  the  maintenance  of  a  condition  of  tilth  which  facili- 
tates a  proper  degree  of  aeration  and  free  root  extension.  Irrigation, 
even  in  its  wisest  application,  has  a  tendency  to  compact  any  soil 
which  is  capable  of  compacting,  and  few  can  defy  water  settling.  Oom- 
pactiDg  2)romotes  evaporation  and  subsequent  sun  heating,  and  the 
resulting  dryness  and  undue  heat,  as  well  as  the  density  of  the  mass 
itself,  restrains  root  development.  Consequently  it  is  a  universal  con- 
clusion that,  with  a  bare  surface,  soil  stirring  must  follow  irrigation 
just  as  soon  as  the  soil  comes  to  a  good  working  condition.  What  the 
cultivation  shall  be  depends  upon  the  nature  of  the  soil.  Winter  irri- 
gation is  almost  always  followed  by  a  good  plowing,  and  by  a  good 
harrowing  also,  unless  considerable  rainfall  is  to  be  expected  after- 
wards. Summer  irrigation  is  followed  by  stirring  with  whichever  of 
the  many  forms  of  cultivators  is  found  by  local  experience  to  be  the 
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best  pulverizer  for  the  particular  soil,  and  which  secnies,  with  the  least 
labor,  fineness  to  an  adequate  depth,  for  it  is  plain  that  in  the  thirsty 
air  of  the  arid  region  the  earth  mulch  must  be  somewhat  deep,  as  well 
as  fine,  to  protect  the  firm  layer  from  loss  by  evaporation. 

COVER  CSOPS  Hf  THE  IBSIOAIED  OECHABD. 

Sucoessftil  irrigation  is  not  conditioned  upon  clean  cultivation;  in 
fact,  it  may  be  quite  otherwise.  Oover  crops  are  sometimes  of  advan- 
tage. Becent  practice  in  some  parts  where  irrigation  water  is  abundant 
beyond  the  requirements  of  the  trees,  is  to  grow  alfalfift  in  the  orchard* 
Being  a  deep-rooting  legume,  it  may  be  of  advantage  to  the  trees  in  the 
presence  of  ample  moisture,  while  with  scant  moisture  it  would  rob  the 
trees  and  practically  ruin  them.  In  the  hot  irrigated  valleys  of  Arizona 
a  cover  crop  of  alfalfa  reduces  the  soil  temperature,  prevents  the 
reflection  of  heat  which  occurs  from  a  light-colored  soil  surface,  and  is 
said  to  insure  thrifty  young  trees  where  clean  culture  destroys  them. 
In  cooler  parts  of  the  arid  region,  as  in  the  mountain  valleys  of  north- 
eastern Galifomia  and  in  Idaho,  alfalfa  is  also  grown  in  irrigated 
orchards.  These  facts  are  of  wide  significance  as  showing  that  irri- 
gation may  be  found  of  benefit  even  where  clean  culture  may  not  be 
thought  desirable.  It  is  certainly  reasonable  that  if  a  cover  crop  is 
grown  at  all  it  should  be  attended  by  the  surety  that  the  trees  shall 
not  sufier  for  moisture,  and  they  unquestionably  do  sometimes  suffer 
seriously  under  old  turf,  even  in  lands  of  summer  rains. 

This  view  is  wholly  apart  from  the  subject  of  exhaustion  of  soil  fer- 
tility by  intercropping.  Of  course,  compensation  for  that  depletion 
must  be  made  by  use  of  fertilizers,  and  whether  the  intercrop  secured 
yields  a  profit  upon  such  investment  is  a  calculation  foreign  to  this 
discussion.  The  purpose  simply  is  to  emphasize  the  fact  that  on  rich 
soil  ample  irrigation  can  produce  good  fruit  on  an  intercropped  orchard, 
and  it  can  do  the  same  on  a  pastured  orchard,  but  the  height  and  form 
of  a  cow-pruned  fruit  tree  is  totally  abhorent  to  present  ideals. 

A  cover  crop  and  an  intercrop  are,  however,  somewhat  different 
things.  The  growth  of  a  cultivated  crop  between  the  rows  of  fipuit 
trees  is  permissible  if  the  land  is  rich,  and  moisture,  either  by  rainfall 
or  by  irrigation,  is  ample;  but  experience  .has  shown  that  such  a  crop 
is  only  profitable  while  the  trees  are  very  young.  As  the  trees  expand 
they  repress  the  growth  of  the  intercrop  below  the  profit  mark,  and 
give  no  further  inducement  to  the  grower  to  longer  endanger  the  future 
of  his  trees  by  dividing  their  sustenance  with  the  intercrop.  On  the 
other  hand,  a  cover  crop,  if  it  be  a  legume,  may  reenforce  the  humus  in 
the  soil.  One  of  the  objections  to  continuous  clean  culture  in  the  arid 
region  is  the  tendency  of  the  soil  to  lose  humus  and  to  become  lifeless 
and  refractory.  The  growth  of  clovers,  peas,  and  other  hardy  legumes 
during  the  winter  season,  when  the  moisture  is  usually  abundant,  is 
being  widely  resorted  to  for  the  purpose  of  restoring  humus.    The 
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Slimmer  growth  of  tender  legumes  with  ample  irrigation  is  therefore, 
for  this  reason,  as  well  as  for  lowering  the  soil  temperature  and  escap- 
ing other  eflFects  of  excessive  temperature,  worthy  of  consideration  if 
water  is  am[)le  enough  to  support  the  cover  crop  and  the  trees. 

Clearly  where  such  practice  is  advisable  the  irrigation  method  must 
be  suitable.  If  the  land  is  nearly  level,  low  check  levees  on  contour 
lines  will  restrain  sufficient  water  and  not  interfere  with  the  use  of  the 
mower.  Such  contour  checks  may  inclose  a  considerable  number  of 
trees.  With  greater  slope  the  square  check  system  inclosing  a  single 
tree  may  be  necessary,  or  flooding  down  the  spaces  between  the  trees, 
with  a  low  levee  along  each  row,  may  be  the  most  available  system^ 
except  in  small  orchards  where  pipe  lines,  hydrants,  and  sprinkling 
may  be  used. 

MnrOE  EESTJLTS  OF  IBBIGATIOH? 

It  is  obviously  impossible  to  include  in  this  general  sketch  many 
of  the  minor  results  of  irrigation  which  have  been  demonstrated  by 
half  a  century  of  experience  in  the  arid  regions,  but  a  few  may  be 
noted  : 

In  parts  of  California  light  frosts  are  likely  to  occur  while  citrus 
fruits  are  ripening  and  after  the  deciduous  fruits  have  bloomed  and  set 
their  fruit.  This  is  from  December  to  May.  There  is  no  hard  freezing, 
but  even  a  slight  drop  below  the  freezing  point  may  occasion  consider- 
able loss  of  fruit.  It  has  been  found  that  over  ground  with  a  wet 
surface  fruit  may  escape  injury  while  that  near  by  over  a  dry  surface 
may  be  destroyed.  For  this  reason  irrigation  water  is  used  to  pre- 
vent &ost,  and  it  has  been  found  effective  even  when  the  mercury  falls 
to  270  F.,  providing  this  temperature  covers  only  a  brief  interval.  If 
the  mercury  falls  lower  or  remains  too  long  at  the  point  named,  injury 
will  result  in  spite  of  the  presence  of  water,  unless  more  effective 
methods  of  protection  are  resorted  to. 

To  a  measurable  extent  irrigation  is  found  to  hasten  fruit  ripening. 
In  some  cases  several  days  have  been  gained  with  early  varieties  by 
giving  water  just  as  the  fruit  was  getting  good  size.  The  same  varie- 
ties near  at  hand  proceeded  more  slowly  without  this  stimulus. 

The  application  of  cold  water  to  the  roots  of  growing  plants  is  very 

undesirable.    Nearly  all  water  derived  from  subterranean  sources  is 

i  improved  by  exposure  to  the  sun,  either  by  standing  for  a  time  in  a 

^  shallow  reservoir  or  traveling  some  distance  in  a  shallow  stream. 

,      Exposure  to  sun  heat  can  not  make  the  water  too  warm. 
•  Irrigation  performs  a  host  of  small  services.    In  the  nursery  the 

budding  season  is  lengthened  because  a  run  of  water  will  cause  the  bark 
to  slip  later  in  the  season.  In  the  English  walnut  orchard  the  nuts 
will  be  more  readily  discharged  from  the  husks  if  an  irrigation  is 
given  a  little  in  advance  of  the  dropping  time.  Within  certain  limits 
fruiting  can  be  timed  by  irrigation  and  succession  secured.  This  is 
especially  true  of  small  fruits.    Strawberries  oan  be  made  almost  con* 
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stant  bearers  iu  (suitable  thermal  sitnatioDS  and  can  have  two  main 
crops  in  the  summer  even  where  the  winters  are  too  cold  for  froiting. 
Easpberries  follow  the  same  coarse,  and  ever-bearing  blackberries  are 
the  ruling  varieties  in  the  warmer  parts  of  the  irrigated  region.  Of 
course  these  performances  of  plants  are  dependent  upon  temperature 
conditions  as  well  as  moisture  conditions,  and  upon  the  length  of  the 
growing  season  which  the  irrigated  semitropical  region  enjoys;  but  the 
fact  remains  that  the  forcing  summer  heat  of  the  more  northerly  regions 
of  the  country  could  accomplish  far  more  for  the  grower  if  by  fore- 
thought and  wise  provision  he  should  arrange  to  have  that  beneficence 
always  attended  by  ample  moisture.  This  is  evidently  one  of  the 
great  works  of  the  ftiture. 
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IRRIGATION  PRACTICE  AMONG  FRUIT  GROWERS 
ON  THE  PACIFIC  COAST. 


IHTEODTJCTIOK. 

In  an  earlier  publication  *  by  the  Department  of  Agriculture  the 
writer  attempted  to  state  briefly  the  principles  of  irrigation  applied  to 
fruit  growing  as  deducible  from  the  experience  of  Pacific  coast 
growers  and  to  describe  and  outline  the  irrigation  practices  which 
have  given  best  results.  The  data  for  that  work  were  drawn,  not  alone 
from  the  writer's  general  knowledge  of  the  subject,  but  from  wide 
special  investigation  authorized  by  this  Department.  In  1898  very 
careful  inquiry  was  made,  by  correspondence  and  tmvel,  into  the  local 
irrigation  practices  on  the  Pacific  coast,  in  connection  with  a  study  of 
the  distribution  of  fruit  varieties  under  the  direction  of  G.  B.  Brack- 
ett,  Pomologist  of  this  Department.  This  involved  the  cooperation  of 
nearly  five  hundred  growers  in  the  States  of  Idaho,  Washington,  Ore- 
gon, California,  Nevada,  and  the  Territory  of  Arizona.  In  1899  and 
1900  the  data  already  secured  were  reviewed  and  verified,  and  much 
additional  information  secured  by  supplementary  inquiry.  The  writer 
has  been  actuated  by  a  desire  to  secure  as  full  and  accurate  exposition 
of  irrigation  pmctice  in  fruit  growing  as  could  be  secured  by  the  means 
at  command.  The  point  of  view  of  the  grower  has  been  steadily  held, 
but,  of  course,  due  eflPort  has  been  made  to  avoid  errors  arising  from 
the  personal  equations  of  the  individuals  contributing  to  the  results. 
Whenever  possible  the  inquiry  has  been  pushed  to  the  last  attainable 
point,  so  that  vague  and  misleading  generalizations  might  be  avoided. 
The  subject  is  itself  intricate  and  the  deductions  in  many  cases  fall 
short  of  being  conclusive,  yet  the  effort  to  concentrate  and  interpret 
the  experiences  of  hundreds  of  practical  men  who  are  pledging  their 
livelihoods  to  the  accuracy  of  their  conclusions  should  yield  a  valuable 
contribution  to  the  understanding  of  irrigation  problems  and  supple- 
ment the  data  secured  by  irrigation  engineers,  who  approach  it  from 
other  points  of  view  and  by  other  methods. 

As  the  inquiry  has  been  restricted  to  the  actual  practice  of  irriga- 
tion by  the  fruit  grower,  the  writer  denies  himself  discussion  of  the 
general  physical  features  of  the  areas  covered.     These  are  set  forth 
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quite  fully  in  various  reports,  and  only  enough  data  will  be  offered  to 
locate  the  regions  under  consideration  and  briefly  characterize  condi- 
tions which  are  most  obviously  related  to  irrigation  practice.  No 
attention  will  be  given  to  water  supply,  nor  to  other  matters  usually 
relegated  to  the  sphere  of  engineering.  Data  and  discussion  will  be 
restricted  to  the  distribution  and  use  of  water  after  it  has  reached  the 
land  of  the  irrigator.  By  adhering  to  this  division  of  the  subject  it 
is  hoped  to  give  this  report  a  special  character  and  value. 

REGION  INCLUDED  IN  THE  INVESTIGATION. 

The  area  included  in  this  inquiry  is  indicated  upon  the  accompany- 
ing map  (PI.  I)  and  comprises,  wholly  or  in  part,  the  States  of 
Idaho,  Washington,  Oregon,  California,  Nevada,  and  the  Territory  of 
Arizona.  The  boundaries  of  the  region  included  are  somewhat  arbi- 
trary and  are  largely  prescribed  by  the  limits  of  the  writer's  sources 
of  original  inforniation,  and  the  included  area  is  not  claimed  to  be  in 
all  respects  similar  throughout  nor  distinct  from  adjoining  regions. 
Yet  this  particular  strip  of  country  adjacent  to  the  Pacific  Ocean  has 
a  characteristic  difference  from  any  other  section  of  the  United  States 
extending  through  so  many  degrees  of  latitude,  in  that  certain  of  the 
more  tender  fruits  of  the  temperate  zone,  including  certain  varieties 
of  grapes  of  the  vinifera  species,  flourish  at  both  its  noith  and  south 
extremes.  This  fact  argues  a  similarity  of  natui'al  conditions  within 
the  limits  of  the  needs  of  these  fruits,  and,  although  facts  are  abun- 
dant to  show  that  the  diversity  of  natural  conditions  within  narrow 
areas  is  exceedingly  great,  there  are  certain  other  natui*al  conditions 
which  are  widely  common. 

The  map  is  intended  to  give  a  geneml  view  of  the  distribution  of 
irrigation  practice.  It  is  not  claimed,  of  course,  that  all  the  land 
included  in  each  color  division  is  suited  for  fruit  growing  nor  that 
irrigation  facilities  have  been  developed  to  the  extent  indicated.  It 
is,  however,  approximately  true  that  wherever  suitable  fruit  soils 
exist  and  the  land  is  topographically  adapted  to  fruit  growing  the 
practice  must  as  a  rule  conform  to  that  prescribed  for  the  region.  It 
is  true  also  that  here  and  there,  so  far  as  settlement  and  development 
have  proceeded,  fruit  is  actually  being  grown  on  a  commercial  scale 
with  or  without  irrigation,  as  indicated,  in  the  different  regions  on 
the  map.  The  breadth  of  the  data  on  which  the  map  rests  is  sug- 
gested b}"  the  tabulations  which  will  follow.  These  data,  supple- 
mented by  the  writer's  personal  acquaintance  with  the  facts,  justify 
the  separation  of  the  included  territory  into  three  divisions,  as  follows: 

THE  NONIBBIGATED  ABEA. 

This  comprises  the  immediate  coast  slopes,  so  far  as  the  local  climat-e 
favors  fruits;  also  the  coast  valleys,  which  are  measurably  protected 


U  S  Deptof  Afer,Bul  108,  Office  of  Expt  Stations  Irrigation  Investigations. 


PLATE  I 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


9 

from  coast  winds  b}^  hill  or  mountain  ranges  and  separated  from  the 
interior  valleys  by  higher  mountain  ranges.  This  region  is  broadest 
at  the  north,  where  it  covers  an  elevated  region  extending  from  the 
coast  to  the  eastern  limits  of  the  area  covered  by  the  present  inquiry, 
including  the  northern  panhandle  of  Idaho.  It  extends  southward  on 
the  coast  side,  including  western  Washington  and  Oregon,  widens  with 
the  eastern  trend  of  the  mountains  so  as  to  include  a  portion  of  the 
higher  lands  in  northern  California,  and  then  proceeds  southward  along 
the  coast,  narrowing  as  the  Coast  Range  nears  the  coast  in  northwestern 
California  until  it  reaches  the  Ba}'^  of  San  Francisco.  South  of  this 
point  the  strictly  nonirrigated  region  is  of  comparatively  small  area  and 
of  small  account,  relatively,  in  commercial  fruitgrowing.  In  western 
Washington  and  Oregon,  and  for  a  certain  distance  along  the  coast  in 
northern  California,  the  region  has  humid  characteristics  in  its  heavy 
rainfall  and  long,  rainy  season,  yet  it  has  a  two-season  year,  and  in  some 
localities  the  smaller  rainfall  and  the  stress  of  the  dry  season  bring  the 
fruit  growers  near  to  the  conclusion  that  irrigation  would  sometimes 
be  desirable  and  profitable.  The  same  conditions  exist  in  the  small 
elevated  areas  indicated  as  nonirrigated  in  southern  California. 

THE  PARTIALLY  OB  OCCASIONALLY  IBBIGATED  ABEA. 

This  extended  area,  as  shown  on  the  map,  is  based  upon  the  new 
con(!option  of  the  local  needs  of  irrigation  and  the  very  free  recourse 
to  it,  resulting  from  several  recent  years  of  deficient  rainfall,  which 
produced  a  destructive  drought  in  some  parts  of  California.  This 
drought,  coupled  with  the  demonstrated  fact  that  the  needs  of  mature 
trees  bearing  large  crops  are  much  gre^iter  than  the  needs  of  younger 
trees,  has  resulted  in  a  changed  view  as  to  the  necessity  and  profitable- 
ness of  irrigation  and  has  sharply  modified  practice.  The  area  in 
which  irrigation  is  now  recognized  as  an  important  factor,  either  as  a 
regular  supplement  to  normal  rainfall  or  as  an  occasional  expedient  to 
insure  thrift  of  trees  and  satisfactory  size  and  quality  of  fruit  when 
rainfall  is  less  than  normal,  is  vastly  greater  than  formerly  thought 
possible.  Investment  in  irrigation  works,  undertaken  from  this  new 
point  of  view,  has  proved  very  profitable.  Naturally,  this  area  includes 
the  old  district  where  partial  irrigation  has  always  1)een  pursued,  and 
is,  in  fact,  a  vast  extension  of  this  district.  The  terai  "partial  irriga- 
tion" is,  then,  adopted  to  signifj"  that  the  main  growth  of  tree  and 
fruit  is  accomplished  by  rainfall.  The  term  ''occasional  irrigation" 
indicates  the  use  of  irrigation  when  the  rainfall  falls  below  normal. 

The  area  which  it  is  now  deemed  good  policy"  to  irrigate  is  seen 
by  the  map  to  extend  throughout  almost  the  whole  north  and  south 
extension  of  the  region  mapped,  and  in  the  main  to  lie  between  the 
nonirrigated  and  the  regularly  irrigated  regions,  although  it  depart** 
from  this  by  following  the  higher  foothills  of  the  Sierra  Nevadas. 
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The  lower  foothills  of  the  same  range,  both  on  the  east  and  west 
flanks,  and  the  valleys  or  plains  adjacent  thereto,  are  in  the  regularly 
irrigated  region. 

THE  BEGUIiABLY  IBBIGATED  ABEA. 

This  is  the  area  where  success  in  fruit  growing  is  conditioned  upon 
irrigation  and  where  rainfall  is  too  uncertain  or  too  limited  in  amount 
to  warrant  dependence  upon  it  as  a  source  of  moisture.  This  region 
is  quite  clearly  defined  on  the  basis  of  actual  practice  in  the  regions  of 
eastern  Washington,  southwestern  Idaho,  California,  and  Arizona 
indicated  on  the  map.  Eastern  Oregon  and  Nevada  are  included 
chiefly  on  a  theoretical  view  of  similar  natural  conditions,  for  very 
little  fruit  is  yet  produced  in  those  areas.  The  eastern  extension  of 
the  region  is  intended  to  be  indefinite,  as  it  evidently  passes  beyond 
the  scope  of  this  inquiiy. 

RELATION  OF  PHTSICAL  FEATTTBES  TO  IRRIGATION  PRACTICE. 

A  table  is  given  on  page  12  which  contains  the  data  upon  which  the 
districting  shown  in  the  map  was  made.  In  this  table  it  has  been 
decided,  for  the  sake  of  brevity,  to  omit  the  regions  of  large  rainfall 
on  the  west  side  of  the  Cascade  Mountains  in  Washington  and  Oregon 
and  of  the  Coast  Range  in  northern  California,  except  as  certain  sec- 
tions may  approach  the  dividing  line  between  humid  and  arid  condi- 
tions and  thus  become  valuable  for  comparison.  The  elevated  regions 
are  also  omitted  from  consideration  because  no  fruit  of  commercial 
account  is  grown  above  an  elevation  of  6,000  feet,  and  comparatively 
little  above  4,000  feet.  The  question  of  hardy  fruits  for  greater  ele- 
vations has  hardl}'  arisen  in  the  Pacific  States  because  of  the  immense 
area  of  available  land  at  lower  levels.  In  this,  and  other  tiibles  to 
follow,  the  arrangement  of  localities  will  be  from  north  to  south. 

The  first  table  is  intended  to  present,  with  the  exceptions  noted 
above,  a  general  view  of  conditions  under  which  irrigation  is  or  is  not 
practiced  within  the  area  shown  in  the  accompanying  map.  Informa- 
tion was  requested  from  fruit  growers,  first,  as  to  elevation,  both 
above  sea  level  and  above  the  local  river  bottom  or  low  plain;  second, 
the  exposure,  where  slopes  were  involved;  third,  character  of  soil 
upon  which  fruit  was  grown;  and  fourth,  the  local  rainfall.  Where 
reported  rainfall  differs  from  that  shown  by  the  accurate  records  of 
the  Weather  Bureau,  it  is  sometimes  due  to  slightly  different  location 
and  sometimes,  perhaps,  to  mistakes  in  observation.  However  this 
may  be,  the  reports  present  the  best  estimates  the  fruit  growers  could 
make  from  the  data  at  command.  The  fifth  inquiry  was  as  to  the  local 
irrigation  practice.     The  replies  represent  different  phases  of  the  iiii- 
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gation  of  deciduous  fruits.*  The  fruits  of  the  citrus  family  and  others 
of  semitropical  regions  are  not  included.  On  the  Pacific  coast  these 
semitropical  fruits  are  nowhere  grown  without  irrigation,  and  they 
are  therefore  excluded  from  consideration,  except  where  specifically 
mentioned,  and  they  will  be  so  mentioned  only  in  connection  with 
districts  where  the  deciduous  fruits  are  grown  without  irrigation. 
Reference  to  small  fruits  is  of  similar  significance.  Almost  everywhere 
the  berry  season  is  extended  by  use  of  water  in  the  dry  part  of  the 
year,  while  the  deciduous  orchard  fruits  adjacent  may  grow  satisfac- 
torily without  it.  On  the  Pacific  coast  the  term  "small  fruits"  does 
not  include  grapes  or  cherries. 

A  summary  of  the  data  relating  to  topography,  soil,  rainfall,  and 
irrigation  practice  is  given  in  the  table  following. 

'The  terra  "deciduous  fruits'*  is  in  common  use  in  California  to  designate  fruits 
grown  on  deciduous  trees,  and  comprises  the  ordinary  garden  and  orchard  fruits  of 
the  temperate  zone. 
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The  following  generalizations  seem  to  be  warranted  by  the  data  given 
in  the  table: 

BELATION  OF  ELEVATION  AND  EXP0ST7BE  TO  IBBIGATION. 

It  is  clear  that  elevation  does  not  alone  determine  the  necessity  for 
irrigation.  The  table  shows  it  to  be  practiced  from  20  feet  above  sea 
level  on  the  coast  plain  of  Orange  County,  Cal.,  to  6,000  feet  above 
sea  level  in  Inyo  County,  Cal.,  and  in  southeastern  Idaho.  Nor  is 
height  above  local  river  bottoms  a  ruling  factor,  for  it  is  resorted  to 
both  on  river  bottoms  and  several  hundred  feet  above  them  on  the 
slopes  of  adjacent  foothills.  The  same  is  true  of  exposure.  The  table 
shows  irrigation  on  all  slopes  and  on  lands  practically  flat.  Both 
exposure  and  elevation  are  local  factors  of  some  moment,  however, 
when  they  coincide  with  other  conditions,  as  will  be  shown  later. 

BELATION  OF  SOIL  TO  IBBIGATION. 

The  desirability  of  irrigation  is  unquestionably,  in  many  cases,  con- 
ditioned upon  soil  depth  and  character.  This  relation  has  received 
careful  attention  from  soil  phj^sicists,  and,  although  an  understanding 
of  it  involves  problems  of  plant  growth  and  the  movement  of  water  in 
soils,  the  leading  facts  are  available  in  popular  form.* 

An  examination  of  the  data  in  the  table  shows  the  prevalence  of 
irrigation  in  localities  where  fruits  are  grown  on  light  loams,  whether 
the  soils  have  resulted  from  local  disintegration  of  rocks  or  have  been 
transpoiled  to  their  present  locations.  This  is  merely  wider  proof  of 
the  fact  of  ordinary  observation  that,  other  things  being  equal,  the 
coarser  and  less  retentive  the  soil  the  gi'cater  the  nece^isit}^  for  irriga- 
tion; but  the  fact  is  strikingly  presented  in  a  number  of  cases.  One 
grower  at  The  Dalles,  Oreg.,  is  located  on  an  upland  loam,  dark 
brown,  formed  of  decomposed  basalt  at  the  base  of  slopes  from  10  to  50 
feet  in  depth — a  soil  holding  moisture  well  and  producing  fruits  with- 
out irrigation.  Another  grower  has  reclaimed  a  sand  flat  along  the 
Columbia  River  by  irrigation,  and  is  growing  tree  fruits  profitably  on 
land  which  originally  was  hardly  worth  $1  an  acre,  but  which  his  work 
has  made  worth  one  hundred  times  that  amount.  Here  the  character 
of  the  soil  was  an  important  factor  in  determining  the  necessity  for 
irrigation.  Another  striking  contrast  is  shown  in  four  neighboring 
localities  in  the  Sacramento  Valley,  California.  Elevation,  rainfall, 
and  exposure  are  similar,  yet  in  two  cases  irrigation  is  practiced  and 
in  two  it  is  not.     The  explanation  here  is  the  occurrence  in  the  two 

•Relation  of  Soils  to  Climate,  U.  S.  Dept.  Agr.,  Weather  Bureau  Bui.  3.  Water  as 
a  Factor  in  the  Growth  of  Plants,  Yearbook  U.S. Dept.  Agr.,  1894,  p.  165.  Some 
Interesting  Soil  Problems,  Yearbook  U.  S.  Dept.  Agr.,  1897,  p.  429.  The  Movement 
and  Retention  of  Water  in  Soils,  Yearbook  U.  S.  Dept.  Agr.,  1898,  p.  399.  The 
Mechanics  of  Soil  Moisture,  U.  S.  Dept.  Agr.,  Division  of  Soils  Bui.  10. 
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irrigated  districts  of  an  impervious' hardpan,  locally  called  "bedrock," 
which  is  so  near  the  surface  that  the  shallow  la^^er  of  soil  can  not 
retain  moisture  enough  to  maintain  growth  and  fruiting  in  the  dry 
season. 

BELATION  OF  UAINYALL  TO  IBBIGATION. 

The  amount  of  rain  and  the  time  it  falls  are  clearly  the  most  impor- 
tant factors  in  determining  the  necessity  for  irrigation.  Absence  of 
rainfall  makes  a  desert  of  the  richest  soils  at  all  elevations  and  at  all 
exposures.  Its  only  remed}'  is  irrigation.  But  there  are  degi'ees  of 
poverty  in  rainfall,  and  thorough  tillage  will  often  lessen  the  ill  effects 
of  a  scanty  supply,  so  that  an  oasis  may  be  made  to  appear  without 
water  beyond  that  supplied  from  the  clouds.  This  is  the  triumph  of 
tillage  in  the  arid  region  which  is  to  be  considered  in  another  con- 
nection. 

The  line  between  adequate  and  insufficient  rainfall  can  not  be  closely 
drawn.  It  is  true  that  there  is  a  striking  general  agreement  between 
the  boundaries  of  the  nonirrigated,  partially  irrigated,  and  wholly 
irrigated  regions  on  the  map  which  accompanies  this  report  and  the 
boundaries  of  a  map  showing  amounts  of  rainfall,  but  there  would 
appear,  on  a  closer  examination  of  the  facts  as  presented  in  the  tabula- 
tion above,  very  marked  departures  of  irrigation  boundaries  from 
rainfall  boundaries,  so  that  if  one  should  undertake  to  determine  the 
need  of  irrigation  by  the  local  rainfall  figures  alone  and  proceed  to 
investment  on  that  basis,  he  would  be  quite  likely  to  lose  his  time  and 
money.  This  has  already  been  suggested  in  speaking  of  the  relations 
of  soils  and  irrigation. 

It  is  obvious  that  there  must  be  somewhere  a  point  at  which  the 
rainfall  is  insufficient  for  the  needs  of  crops  and  another  point  beyond 
which  it  becomes  ample  or  even  excessive.  But  these  points  are  not 
fixed.  They  vary  with  the  character  of  the  crop,  the  soil,  exposure, 
the  distribution  of  the  rainfall  through  the  year,  and  the  local  temper- 
atures which  fix  the  length  of  the  growing  season.  With  reference, 
however,  to  the  growth  of  common  orchard  fruits,  which  are  alone  in 
view  in  this  discussion,  the  table  shows  that  irrigation  is  not  resorted 
to  at  a  number  of  points  where  the  local  rainfall  sometimes  is  as  low 
as  15  or  16  inches,  })ut  that  with  less  than  that  amount,  unless  the  soil 
receive  additional  moisture  b}'  underflow,  it  is  essential.  On  the 
other  hand,  irrigation  is  regularly  practiced  in  some  localities  where 
the  rainfall  sometimes  rises  to  45  inches.  The  table  does  afford,  how- 
ever, ample  evidence  that,  under  average  conditions  of  soil  depth  and 
retentiveness  in  the  region  under  consideration,  the  amount  of  rain- 
fall which  may  be  considered  adequate  for  orchard  trees  under  good 
cultivation  is  about  20  inches.  So  definitely  is  this  amount  fixed  in 
the  minds  of  some  California  growers  as  meeting  the  needs  of  the  tree 
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for  satisfactory  growth  and  fniitage  that,  when  rainfall  is  less  than 
that  amount,  irrigation  is  at  once  resorted  to  to  supply  the  shortage. 
An  interesting  confirmation  of  this  view  is  found  in  the  reports  from 
growers  in  the  humid  region  along  the  coast,  which  comprises  the 
unirrigated  portion  on  the  accompanying  map.*  In  the  Sound  region 
of  Washington  the  rainfall  is  about  25  inches,  and  correspondents 
state  that  although  irrigation  is  not  practiced  it  "  might  be  beneficial." 
The  same  opinion  is  expressed  by  growers  in  the  Rogue  River  Valley 
in  southern  Oregon,  where  rainfall  is  but  little  above  20  inches  and 
conditions  resemble  those  in  the  valleys  of  northern  California. 

INTEBBELATION  OF  ELEVATION,   EXPOSTJBE,   SOIL,   AND 

SAINPALL. 

The  great  variety  of  conditions  under  which  irrigation  is  found 
either  desimble  or  unnecessary  is  intelligible  only  upon  consideration 
of  the  interrelation  of  elevation,  exposure,  soil,  and  rainfall.  In 
northern  Idaho  and  northeastern  Washington  there  is  an  elevated 
region  of  rolling  land  with  an  average  rainfall  of  a  little  above  20 
inches,  a  clay  loam  often  of  considerable  depth  and  underlaid  by  clay 
and  naturally  well  drained,  yet  retentive  of  moisture  by  virtue  of  its 
fine  texture  resulting  from  decomposition  of  basaltic  rock.  Irrigation 
is  found  unnecessar3\  The  depth  and  character  of  the  soil  and  its 
slope  and  exposure  combine  to  insure  maximum  duty  of  rainfall.  In 
adjacent  valleya  of  both  Idaho  and  Washington  there  are  lands  but 
little  nearer  sea  level  and  with  only  a  little  less  rainfall,  but  with  soil 
of  alluvial  character  or  resulting  from  volcanic  action  or  decompo- 
sition of  granite,  all  being  coarse,  light,  and  nonretentive.  Here 
the  character  of  the  soil  reduces  the  duty  of  rainfall,  and  regular 
irrigation  is  found  essential  to  the  growth  of  fruits. 

At  lower  levels,  both  in  Idaho  and  Washington,  are  found  fruit 
regions  where  manifestly  deficient  rainfall  accompanies  deep  though 
nonretentive  soil,  higher  heat,  and  greater  evaporation,  and  desert 
conditions  are  only  relieved  by  ample  and  systematic  irrigation.  And 
yet  there  occur  also  exceedingly  fine  soils  in  some  portions  of  the 
desert  regions  which  are  very  retentive  of  moisture  and  would  secure 
the  highest  duty  from  rainfall  if  there  were  enough  of  it  to  enable 
them  to  act  effectively.  Upon  such  soils  a  maximum  duty  of  irriga- 
tion water  is  secured,  and  the  amount  required  is  relatively  small. 
The  occurrence  of  these  conditions  is  not  always  to  be  measured  by 
large  areas.  They  are  found  in  different  parts  of  the  same  region, 
in  some  cases,  in  fact,  within  the  limits  of  the  same  farm,  making  an 
understanding  of  their  influences  and  effects  all  the  more  essential. 

In  California  similar  instances  of  the  interrelation  of  soil,  rainfall, 
exposure,  and  local  climate,  and  their  influence  upon  horticultural 

*  These  reports  are  omitted  from  the  table.  ^-^  ^ 
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practice  with  reference  to  irrigation,  could  be  cited  in  great  number. 
A  few  must  suflSce. 

On  the  famous  river-bank  fruit  land  of  the  Sacramento  Valley,  with 
loams  of  great  depth  and  good  retentiveness,  and  with  an  average 
rainfall  of  approximately  20  inches,  irrigation  is  resorted  to  only  in 
years  of  minimum  rainfall,  when  the  precipitation  is  perhaps  only 
about  half  the  average.  At  nearly  the  same  level,  as  already  cited, 
where  the  soil  is  shallow  and  overlies  hardpan,  regular  irrigation  is 
required.  But  still  more  marked  contrast  is  found. in  the  foothills 
within  sight  of  these  valley  fruit  lands,  where  with  twice  the  average 
rainfall  irrigation  must  begin  early  in  the  summer  and  continue  until 
autumn  is  well  advanced,  because,  first,  the  slope  is  so  rapid  that  much 
rainfall  is  lost  by  run  oflf ;  second,  the  soil  is  too  shallow  above  bed  rock 
to  hold  much  water.  Even  here,  however,  there  comes  in  a  local  varia- 
tion of  measurable  effect.  When  the  soil  lies  upon  vertical  plates  of 
bed  rock  much  water  is  retained  between  them  and  is  capable  of  being 
reached  by  tree  roots,  while  soil  lying  upon  flat  plates  of  rock  has  no 
such  subterranean  reservoir.  In  the  foothill  region  there  also  occurs 
exceptional  exposure  from  slopes  facing  the  midsummer  sun  in  an 
atmosphere  whose  dryness  is  but  slightly  ameliorated  by  the  influence 
of  air  currents  from  the  coast. 

In  the  valley  and  foothill  contrast,  just  cited,  the  unirrigated  valley 
looks  up  to  the  irrigated  foothills.  There  are  also  places  where  unir- 
rigated hill  slopes  look  down  upon  irrigated  valleys.  The  uplands  of 
San  Diego  County  are  nearer  the  coast  than  those  above  the  Sacra- 
mento Valley.  They,  too,  have  a  rainfall  usually  ample  for  deciduous 
fruits  suited  to  their  elevation.  Their  rolling  plateaus  of  deep  soil, 
free  from  excessive  heat  and  evaporation  which  occur  on  highlands  far- 
ther inland  and  500  miles  farther  north,  produce  very  successfully 
without  irrigation.  In  this  region,  however,  the  rainfall  in  the  val- 
lej^s  below  is  often  less  than  the  needs  of  even  deciduous  fruit  trees, 
and  waters  flowing  from  mountain  snows  through  a  region  of  unirri- 
gated uplands  must  be  used  to  irrigate  them. 

Still  another  striking  contrast,  and  one  involving  another  and 
wholly  different  factor,  is  found  in  the  San  Joaquin  Valley.  Near 
Visalia,  2  feet  above  river  bottom  and  4  feet  above  the  surrounding 
plains,  there  is  a  large  area  of  deep  alluvial  soil  with  much  decayed 
vegetable  matter.  The  land  is  moistened  by  underflow  from  the 
river,  and,  though  the  rainfall  is  but  7i  inches,  deciduous  fruits  are 
grown  without  irrigation.  In  the  same  county,  and  only  18  miles  dis- 
tant, there  are  areas  of  rich  loam  mixed  with  granitic  sand  16  to  18 
feet  deep.  In  this  locality,  though  the  rainfall  is  Hi  inches,  irriga- 
tion is  practiced  freely,  as  the  loss  of  moisture  in  summer  is  veiy 
great. 

Many  more  quite  as  striking  and  effective  illustrations  might  be 
given  of  the  impossibility  of  accurate  generalization  on  ^reographical. 
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or  purely  meteorological  data  alone.  Evidently,  however,  it  is  clear 
that  the  need  of  irrigation  is  conditioned  upon  so  many  factors  of 
earth,  air,  and  water,  as  well  as  upon  the  needs  of  the  plant  grown 
and  the  system  of  tillage,  that  any  wise  decision  regarding  the  needs 
of  a  particular  locality  can  be  reached  only  after  considering  and 
weighing  all  elements  entering  into  the  problem. 

RELATION  OF  TILLAGE   TO  lEEIGATION. 

Tillage,  particularly  during  the  dry  season  of  the  year,  under  some 
conditions,  directly  determines  the  need  of  irrigation,  and  is  to  a  certain 
extent,  as  the  popular  phrase  goes,  a  substitute  for  irrigation.  Under 
all  conditions  surface  tillage,  by  promoting  conservation  of  soil  moist- 
ure, is  determinative  of  the  actual  duty  of  water,  whether  it  be  from 
rainfall  or  irrigation.  The  effect  of  frequent  surface  tillage  has  been 
accurately  determined  by  investigation  and  experiment,  both  in  humid 
and  arid  regions.  *"  These  experiments  fully  support  the  view  taught 
by  the  experience  of  about  half  a  century  in  California,  in  accordance 
with  which  thorough  winter  and  summer  tillage  has  been  so  widely 
practiced  in  the  arid«section  as  an  essential  to  successful  fruit  growing. 
There  are,  however,  some  conditions  in  which  clean  cultivation  dur- 
ing the  season  of  highest  heat  may  not  be  the  best  practice,  as  will 
appear  later. 

The  relations  of  tillage  to  soil  moisture  include  both  reception  and 
conservation.  For  the  reception  of  moisture,  deep  work  with  the 
plow,  and  sometimes  with  the  subsoiler  also,  is  almost  indispensable. 
To  retain  this  moisture  and  to  prevent,  as  far  as  possible,  its  escape 
into  the  thirsty  air  of  the  arid  region  by  surface  evaporation,  less 
depth  and  more  thorough  surface  pulverization  are  required.  Recent 
practice  has  been  tending  toward  deeper  summer  cultivation,  so  that 
6  or  6  inches  of  loose,  finely  divtded  soil  is  now  obtained  where 
formerly  half  that  depth  was  considered  adequate.  It  has  also  been 
shown  that  frequent  stirring  of  this  fine  surface  layer  checks  evapora- 
tion, even  when  no  water  is  applied  to  compact  the  surface  or  where 
no  weeds  grow  to  draw  upon  the  soil  moisture.  In  a  word,  the  aim  of 
tillage  in  the  arid  region,  so  far  as  it  relates  to  moisture  supply  in  the 
soil,  consists  in  opening  the  soil  to  rain,  or  to  irrigation,  and  in  subse- 
quently closing  it  to  evaporation.  How  this  is  done  b}'^  the  different 
growers  over  the  large  area  included  in  this  report  is  shown  in  the 
table  following. 

"Wiflconsm  Sta.  Rpt.  1894,  p.  279;  California  Sta.  Rpt.  1897-98,  p.  57. 
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Summary  showing  cuUivaHon  practice  in  connection  vnih  irrigation  in  Pacific  coast  region. 


Name  and  locality. 


Sou. 


IDAHO. 

W.  A.  Sample.  Black- 1 

foot. 
Edgar  Wilson,    Boise 

A.  McPherson,  Boise 

aty. 

Robert  Millikin.BoiM' 
City. 

W.W.WcUb,  New  Ply- 
mouth. 

W.  Q.Whitney,  Payette 
George  Little.Caldwell 
T.  C.  Galloway,  Welaer. 
A.F.HItt.Weiaer 


L.  A.  Porter,  Lewiston. 


H.  A.  RnsBcll,  Kend- 

rlck. 
F.  A.  Huntley,  Moscow 

WA8HINQT0N. 

C.  Rifltean,  Moran  Prai- 
rie. 

JaM>n  Whlnery,  Moran 
Prairie. 

D.  W.  Bridgman,  Latah 


W.  E.  Schneider,  Latah 


F.  A.  English,  Farm- 
ington. 

J.  A.  Balmer,  Pullman 


Theo. Smith. Colfax  ... 
George  Rueay,  Colfax . 

Jos.  De  Long,  Endicott. 
E.  H.  Hanford,  Oakes- 

dalc. 
A.  L.  Smith,  Spokane  . . 

E.  P.  Gilbert,  Spokane  . 

J.  H.Frledlander,  Wil- 
bur. 

Allen  Emerwm,  Cres- 
ton. 

J.  N.  James,  Waitsbuig. 

Matthew  Stanton. 
Middle  Ahtanum. 


C.  8.  Simpson,  North 

Yakima. 
T. F. Dice, Presoott  .... 

F.    E.    Thompson, 
Parker. 

Elias  Marble,  Wenat- 

chee. 
E.  Keohler,  Wenatohce 
C.  Robinson,  Chelan. . . 

H.  H.  Spader,  Chelan  . . 


H.C.Cook,  White  Sal- 
mon. 


Sandy  and  gravelly; 

alluvial  bottom. 
Sandv,       sagebrush, 

well  drained. 

Dark     and      sandy 
loams. 

Volcanic  ash  and  de- 
composed rock. 

Claylsh  alluvial;  lit- 
tle sand. 


Sandy  loam 

Sandv,  sagebrush 

Bench, granitic  loam. 
Bench,  sandy  loam . . 

Rich,  sandy,  alluvial 


Black  sandy  and  clay 

loams. 
Clay  loam 


Sandy  loam 

Alluvial  bottom  and 

upland  loams. 
Clay  and  sandy  loams. 


Clay  and  sandy  loams. 
....do 


Upland  loams... 
Moist  clay  loam. 


Clay  and  sandy  loams. 
Upland  loam 


Clay  and  sandy  loams. 
....do 


heavy 


Light     and 
loams. 

Sandy  loam  and  vol- 
canic a«h. 

Volcanic  loam,  clay 

HUbMOil. 

Sandy  loam 


Light  loam 

Loose  loam , 

Light    and     heavy 
loams. 

Volcanic  aah  and  sandj, 


Basaltic  loam  . 
Sandy  loam  . . . 


Loam,  bench  lands. . . 


Sandy,  gravelly,  and 
clay  loams. 


Irrigation. 


All  fruiU  irrigated. 
....do 


Cultivation. 


-do. 
.do. 
.do. 


....do. 
....do. 
....do. 
....do. 

....do. 


Little  or  no  irriga- 
tion. 
No  irrigation 


.da. 


.do 
.do 


A  good  cultivation  after  each 
Irrigation. 

Cultivation  after  each  Irriga- 
tion; more  cultivation  re- 
places some  irrigation. 

One  plowing  and  sixteen  to 
twentv  cultivations— not 
later  than  August  15. 

Four  plowings  and  six  culti- 
vations—less irrigation,  more 
frequent  cultivation. 

Cultivation  every  two  weeks 
to  August  1;  only  once  or 
twice  after  that 

Two  to  four  cultivations. 

Four  cultivations. 
Do. 

One  cultivation  before  and 
one  after  each  irrigation. 

One  plowing  and  one  deep 
cultivation  after  each  irriga- 
tion. 

One  plowing  and  three  culti- 
vations. 

One  plowing  and  three  or  four 
cultivations 


.do 


One  plowing  and  two  cultiva- 
tions. 

Two  plowings  followed  by 
harrowingsi 

Plow  once  and  harrow  May  1 ; 
cultivate  June  1;  hoe  bal- 
ance of  the  HCttson. 

do Nine  cultivations  with  rolling 

harrow,  three  at  each  work- 
I  ing,  in  April,  June,  and 
I     August. 

One  nlowing,  one  harrowing, 
ana  three  cultivations  not 
later  than  July  15. 

Six  cultivations,  securing  dust 
mulch,  and  then  keeping 
down  weeds. 

Six  totwelvecultivation.<«. 

Three  or  four  cultivations  not 
later  than  August  lb. 

Two  or  three  cultivations. 

Four  to  eight  cultivations. 

Two  plowings  and  two  cultl- 
tions. 


t 


.do 


.do 
.do 


.do 
.do 


Small  fruits  only 

No  Irrigation 

All  except  apples 

All  fruits  irrigated  ... 


.do. 
.do. 


vatu 
Two  or  three  cultivations  not 

later  than  September. 
One  plowing  and  live  or  six 

cultivations. 
Three  cultivations. 

Cultivate  after  each   irriga- 
tion, June  to  August. 

Three  times  in  npring  with 
shovel     plow:     afterwards 
twice  vnih  cultivator;  then 
hoe  as  weeds  start. 
.do Three  to  live  cultivations. 

do Two  plowings  and  twoeultl- 

I     vatfons. 

do I  Two  plowings,  three  or  four 

I     harrowings.    Old    trees  in 
clover. 

do I  One  plowing  alternate  years; 

six  cultivations  each  year. 
Three  cultivations. 
Cultivate  every  two  or  three 

weeks  until  August. 
Deep  plowing  in  fall  followed 
by    three    cultivations  in 
spring  and  summer. 
One  plowing  and  two  cultiva- 
tions. 


....do 

Few  trees  irrigated . . 

No    irrigation,    but 
moisture  is  short. 

No  irrigation 
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Summary  showing  (mltivation  practice  in  connection  wUh  irrigalvmi  etc, — Continued. 


Name  and  locality. 


Soil. 


Irrigation. 


Cultivation. 


OREGON. 

8.  A.  Miller,  Milton. 


Thomas  Spence,  Mil- 
ton. 

H.  W.  Oliver,  Summer- 
ville. 

C.  Walters,  Athena  — 

R.  H.  Webber,  The 
Dalles. 

Seufert  Bros.,  The 
Dalles. 

£.  L.  Smith,  Hood 
River. 

W.  Dimmlck,  Hubbard 


Black  alluvial. 


£.  R.  Lake,  Corvallis. . . 
R.  C.  Brown,  Roseburgr* 
J.  R.  Casey,  Ashland . . . 
Max  Pracht,  Ashland. . 
C.  F.  Stewart,  Medf ord . 

CAUPORNIA. 

Coast  valley 9. 

L.  M.  Babcock,  Ukiah  . 

E.W.Kinflr,Ukiah 

A.£.Bumham,  Healds- 
burg. 

J.  R.  Little,  Mount  Oli- 
vet 

W.  H.  Pepper,  Peta- 

luma. 
Robert  Hall,  Sonoma.. 


H.Baskervllle,  St.  Hel- 
ena. 


E.P.Cook,  Napa.... 

GeoigeHusmann,  Napa 

Leonard  Coates,  Napa 

John    Swett  &    Son, 
Martinez. 

B.  H.  Upham,  Marti- 
nez. 

F.  Barbour,  Clayton  . . . 

J.C.Shinn.Niles  ... 


E.  M.  Ehrhom,  Moun- 
tain\iew. 

A.  Block,  Santa  Clara. . 

W.Pfeflfer.GubserviUe. 
S.  P.  Sanders,  San  Jose . 


Light  loam 

Sandy  river  bottom  . . 
Sandy  and  clay  loams . 

Black  and  red  loams . 


Basaltic  loam 

Sandy  and  gravelly 

loams. 
Granitic   loam   over 

clay. 
Granitic  loams 


Deep  red  and  black 
loams. 


Light    and     heavy 

loams. 
Black  gravelly  loam . . 
Sandy  and  gravelly 
loam. 


Dark,  gravelly  loam. 


Clay  and  sandy  loams. 
Alluvial  over  clay 


Rich,  deep,  loose  loam 

Heavy  valley  loam . . . 
do 

Well-diained  loam . . 
Chiefly  black  loams. 


Heavy    valley    and 
light  hill  loams. 

Sandy  and  clay  loams, 

Heavy  and  light  allu- 
vial loams. 

Heavy  and  light  loams 


Sedimentary  loam  ... 

Retentive  clay  loam. . 

Heavy  and  light  sedi- 
mentary loams. 


All  fruits  irrigated. 

....do 

No  Irrigation 


....do 

Small  fruits  only. 


All  fruits  irrigated  .. 
Small  fruits  only . . . . 


Might  be  of  advan- 
tage. 

Occasional  for  small 

fruits. 
Profitable  for  small 

fruits. 
No  Irrigation 

For  late  berries 

No  irrigation 


Small  fruits  only . 


....do 

No  irrigation . 


.do. 

.do. 
.do. 


Small  fruits  only . 


No  irrigation 

Citrus  fruits  only. 

No  irrigation 

do. 


Citrus    fruits     only, 
except  in  dry  years. 

Irrigation  increasing 


Irrigation  according 
to  amount  of  rain- 
fall. 

No  irrigation 


Winter  irrigation  to 
supplement     rain- 


One  plowing  and  three  culti- 
vations after  irrigations. 
Six  cultivations. 

Plowing  and  cultivating  three 
times,  May  to  August 

Clean  cultivation. 

One  plowing  and  six  to  ten 
cultivations  for  orchard. 

Clean  cultivation. 

One  plowing  and  harrowing 
and  frequent  cultivation 
until  August. 

One  plowing  and  clean  culti- 
vation nearly  until  fruit 
ripens. 

One  plowing,  disking  and  har- 
rowing six  to  ten  times. 

Clean  cultivation. 

Do. 

One  plowing  and  three  culti- 
vations. 

Plow  in  March  and  harrow 
three  times;  cultivate  two 
to  four  times,  not  later  than 
July  15. 


Clean  cultivation  for  orchard. 

Do. 

Two  plowlngs;  four  to  six  cul- 
tivations, followed  by  clod- 
mashing  both  ways. 

Two  plowlngs,  followed  by 
harrowing;  clodmashing; 
two  cultivations. 

One  or  two  plowlngs  and  two 
or  three  harrowings. 

Two  plowinRs  with  harrow 
after  secona;  disk  followed 
by  chain  harrow,  roller,  or 
cfodmasher. 

For  orchard  and  vineyard 
plow  and  crosi*  plow,  with 
harrowings;  cultivate  to 
keep  surface  loose. 

Two  plowlngs  and  eight  cul- 
tivations. 

One  plowing,  two  cultivations 
with  disk. 

One  plowing  followed  by  disk 
and  other  cultivators. 

Two  plowlngs  and  six  cultiva- 
tions with  disk,  cutaway, 
etc. 

Two  plowing  followed  by  har- 
row; cultivators  and  nand 
hoeing  afterwards. 

One  plowing,  two  cultiva- 
tions. 

Plowing  and  harrowing  spades 
and  clodmasher— four  to 
eight  workings  in  all. 

Two  plowlngs  and  harrow- 
ings; roll  and  cultivate  un- 
til July  15. 

Two  plowlngs  and  eight  culti- 
vations. 

Two  plowlngs  and  three  cul- 
tivations. 

Two  plowlngs  and  disk  as 
neeaed  to  keep  clean  and 
loose. 
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Summary  showing  cultivation  practice  in  connection  with  irrigation^  etc, — Continued. 


Name  and  locality. 


Sou. 


Irrigation. 


Cultivation. 


CALIFOBNIA->COnt'd. 

Cbast  valleys— ConV6. 

F.  M.  Rlghter,  Camp- 
bell. 
A.  C,  Fuller,  Everpreen 


Heavy     and     light 

'  MOD 

do 


Irrigation  when  rain-    One  plowing:  cultivation  twice 
fall  is  light.  I     a  month,  March  to  June. 

Irrigation   for  cher-     One  plowing  and  three  to  six 
Ties    and    berries;        cultivations, 
other  fruits  if  nec- 


H.  Hoops,  Wrights... 
£.  F.  Adams,  Wrights 
W.H.  Aiken,  Wrlshta.. 


R.  W.  Eaton,  Watson- 

ville. 
J.  A.  McCune,  Wataon- 

ville. 
Edward  Berwick,  Mon- 

tery. 
J.  V.Webster,  Creston. . 

J .  A.  Glrard,  Cayucos. . . 

Elwood  Cooper,  Santa 

Barbara. 
O.  N.  Cadwell,  Carpen- 

teria. 
Russell  Heath,  Carpen- 

teria. 
J.  B.  Alvord,  Oxnard. . . 

H.  J.  Dennison,  Nord- 
hoff. 


L.C.Qridley,Nordhoff. 

E.  8.  Thacher,  Nord- 
hoff. 


N.J.  Bond,  NoPdhoff.. 
R.  Dunn,  Fillmore  .... 

J.  C.Scott,  SimI-... 
L.  F.  Gay,  PIru 


....do 

do 

Clay  and  sandy  loams, 


Black     and     sandy 

loams. 
do , 


essary. 
Irrigation  for  small 

fruits  only. 
do •. 


No  irrigation . 


Irrigation    for  small 

fruits  only. 
No  irrigation 


Sandy  loam 

Alluvial    and   rldnre 

loams. 
Deep  loams 


Heavy     and      light 

loams. 
....do 


Clay       and      sandy 

loams. 
Heavy      and      light 

loams. 
Alluvial    and  sandy 

loams. 


Clay  loam 

do 

Clay  and  sandy  loams. 
Medium  loams 


Chiefly  in  winter  for 

orchard. 
Only  for  small  fruits. . 

No  Irrigation 


Irrigation  for  citrus 

fruits. 
....do 


....do 

For  small  fruits  only 
For  citrus  fruits  only, 


.do. 


L.    T.    Gamsoy,    San 
Fernando. 

C.  Forman,  Toluca 

O.  E.  Roberts,  Cahu- 

enga. 
M.  ('.  Graham,  South 

Pasadena. 
F.  £.  Gray,  Alhambra. 

Pollard  Brothers,  Al- 
hambra. 

J.  A.  Graves,  Alham- 
bra. 

A.    8.    Bixby,    Sierra 
Madre. 

A.  S.  Chapman,  San 

Gabriel. 
P.    F.    Cogswell,    El 

Monte. 

J.  F.  Branch,  Artesia.. 


Clay  and  sandy  loams . 

Dark,  also  sandy,  and 
gravelly  loams. 

Clay  and  sandy  loams. 


I 


Sandy  loam 

Heavy  to  light  loams. 
Clay  and  sandy  loams. 
Gravelly  loam 


Clay  and  sandy  loam 
and  gravelly  sedi- 
ment. 

Decomposed  granite 
loam. 


.do. 


Sandy  loam 

Sedimentary  loam. 


Citrus  fruits;   others 
would  be  beneflted. 


No  irrigation  for  de- 
ciduous fruits. 

Citrus  fruits,  but  all 
would  be  better  for 
it. 

No  Irrigation 


Irrigation  for  citrus 
and  once  for  apri- 
cots and  peaches. 

For  citrus  fruits. 


None  for  deciduous 

fruits. 
....do 


Citrus      and      small 

fruita. 
....do 


.do. 


Citrus  and  small 
fruits  and  decidu- 
ous are  better  for  it. 

Citrus  fruits 


Sandy  loam  . 


Citrus  fruits  and  wal- 
nuts. 

Walnuts  chiefly 
grown,  irrigated  in 
dry  years. 

Underflow  fatal  to 
trees;  good  for 
grapes. 


One  plowing,  two  to  four  cul- 
tivations. 

Two  plo wings  and  three  culti- 
vations. 

Two  plowings,  and  harrow 
frequentiy  until  fruit  nearly 
matures. 

Two  plowings,  two  harrow- 
ings,  two  cultivations. 

One  plowing  and  three  culti- 
vations. 

Two  plowings  and  often  six 
cultivations. 

Two  plowings  and  two  culti- 
vations. 

Two  plowings  and  cultiva- 
tions. ^ 

Plow  twice;  cultivate  about 
five  times. 

Clean  cultivation. 

One  plowing,followed  by  clean 
cultivation. 

Two  plowings  and  six  culti- 
vations. 

One  plowing,  three  cultiva- 
tions, and  hoeing  around 
trees,  using  harrow  after 
each  rain. 

One  plowing  and  cultivation 
after  each  irrigation. 

Plow  once,  cultivate  three 
times  between  irrigations; 
unirrigated  lands  cultivated 
all  the  season. 

One  plowing  with  cultivator 
and  harrow  after  each  rain. 

Three  or  four  cultivations. 


One  plowing  and  four  to  eigrht 

cultivations. 
Cultivate   once  a   month   or 

more  after  each  irrigation. 

I  One  plowing;  three  culti- 
!  vations;  one  harrowing;  one 
I      leveling. 

Two  plowings  and  frequent 
cultivations. 

About  eight  cultivations. 

Plow    twice,    cultivate   once 

each  month. 
Plow  or  cultivate  after  each 

rain  or  irrigation. 
,  Two    plowing.s   and    twenty 

rultivations. 

Plow  four  or  live  time.«<  and 
cultivate  at  least  twice  a 
month. 

After  each  rain  or  irrigation 

f)low  in  winter  and  cultivate 
n  summer. 
Four  plowings  and  ten  culti- 
vations. 
Two  plowings  and  four  to  six 
(•ultivations. 
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Summary  shmmng  cuUivaiion  jrractice  in  conneclion  wilh  irrigatUm,  etc. — Continued. 


Name  and  locality. 


CALIFORNIA — COnt'd, 

Coast  wiZicy*— Cont'd. 

W.  W.  B1188.  Duarte... 

A.  C.  Thomson,  Duarte. 

H.  D.  Englehart,  Glen- 

doia. 
H.  D.  Briggs,  Aeumi 


A.  B.  Smith,San  Dimas. 

W.  Q.  Custer,  Covina . . . 

H.  E.  Cheeaeboro,  C<> 

vlna. 
J.  R.  King,  Covina 


J.  W.MUls,  Pomona. 


Armstrong  &.  Young, 

Pomona. 
J.  £.  Packard,  Pomona. 

G.  F.  Ferris.Claremont. 


E.  Squirea,  Claremont. . 

W.  T.  Strawbrldge, 
Whittler. 

I.  H.  Cammack,  Whit- 
tier. 

L.  L.  Bequctto,  Rivera  . 


L.  B.  Benchley,  Fuller- 
ton. 

J.  B.  Neff,  Anaheim  . . . 


F.S.Gates, Anaheim  . 

C.  P.  Taft,  Orange 

A.  D.  Bishop,  Orange  . 


Soil. 


D.  £.  Smith,  Snnta  Ana 
J.   W.  King,    Garden 
Grove. 

Jud8onWilliam,s,  Fall- 
brook. 

JobeH  Brothers,  Esoon- 
dido. 

O.  HudsTMi,  Valley  Cen- 
ter. 

J.  M.  Hyne,  Twin  Oaks. 

L.  E.  Kent,  Poway 


H.  CulbertHon,  El  Ca- 

jon. 
G.    P.    Hall,    Ixjmon 

Grove. 

J.     P.     JonoH,    Linda 
Vista. 


Light      and     heavy 

loams. 
Decomposed  granite. . 

Granite    and    sandy 

loams. 
Sandy  loam 


Deep  sandy  loam 

Sandy  loam 

do 

Medium  sandy  loam  , 

Light     and      heavy 
loams. 

do 

Sandy  loam 


Irrigation. 


Heavy     and      light 
loams. 


Heavy  loams 

Dark  heavy  and  light 

sandy  loams. 
Moist  .sandy  land 


Light      sandy      and 
moLst  heavy  loam. 

Heavy      and      light 
loams  and  sediinen  t. 

do 


Medium     and    light 

loams. 
Sandy  and   gravelly 

loams;  alluvial. 

Chiefly  light  loams... 
Heavy,  moist  loixm. . . 


Heavy     ami 
loams. 


.do . 


light 


Black  and  red  Kundy 

loam  over  granitic 

subsoil. 
Clay  loam  and  black 

lowland. 
Light      and     heavy 

loams. 

Red  foothill  loam  and 
alluvial  bottom. 

Light  and  heavy 
loams  in  great  va- 
rifly. 

Red.  granitic  loam 


Citrus  fruita , 

do 

do 

All  fruits  irrigated  . 


Citrus     and      small 

fruits. 
All  fruits  irrigated  . . , 


Citrus  fruits . 
do 


All  fruits  irrigated  . . . 


Citrus  fruits  and  wal- 
nuts. 
All  fruits  irrigated  . . . 


Cultivation. 


Citrus  fniits 

Citrus  fruits  and  wal- 
nuts. 
....do 


rnderflow  generally  | 
adequate.  i 

Irrigation  for  all  fruits 
save  .some  peaches,  I 
apricots,  an dgraj»e.s.  I 

All  fruits  irrigated  . . . 


Cultivation  after  each  irri- 
gation. 

Three  plowlngs  and  six  to 
eight  cultivations. 

Plow  fall  and  spring:  frequent 
summer  cultivation. 

Heav>;  soil  plow  twice  and 
cultivate  six  to  ten  times; 
sandy  soil  cultivation  with- 
out plow. 

Two  plowings  and  five  to 
eight  cultivations. 

Two  plowings;  cultivate  both 
ways  at  least  twice  a  month. 

Two  plowings:  cultivation 
every  six  weeks. 

Three  winter  plowings;  sum- 
mer and  fall  cultivation 
once  a  month. 

Nine  or  ten  workings  in  a 
year  with  plow,  harrow,  and 
cultivator. 

Two  plowings  and  cultiva- 
tionsonceor  twice  a  month. 

Two  plowings;  cultivation 
once  a  month. 

Plow  both  ways  spring  and 
fall;  harrow'  after  spring 
plowing;  cultivate  after 
each  irrigation. 

About  ten  cultivations. 

One  plowing  and  six  to  eight 
cultivations. 

Four  to  eight  cultivations. 

Plow  twice  and  cultivate 
three  times  when  no  irriga- 
tion is  used. 

One  plowing  and  eight  to 
elv( 


.do . 


.do. 


CitriLs  fruits;  rainfall 

sometimes  enough 

for  deciduou.s. 
All  fruits  irrigated  ... 
Underflow   too    near 

surface     for    .some 

fruits. 

All    fruits  irrigate*! 

except  in  wet  years. 

do 


( 'itrus  fruits  irrigated . 


No  irrigation 

Small  fruits  irrigated 
and  desinible  for 
others  K)inc  years. 

All  fruits irrigat4.Hl 

do 


twelve  cultivations. 

Some  years  one  plowing  and 
six  cultivations;  other  years 
twice  as  many. 

Two  plowings  and  cultivation 
after  each  niin  or  irrigation. 

('ullivatiou  after  each  irriga- 
tion. 

Two  plowings  and  eight  to 
ten  cultivations. 

Six  to  twelve  cultivations. 
Spring  and  fall  plowing;  fre- 
quent summer  cultivation. 

Plow  under  winter  growth 
and  give  fre(iuent  summer 
cultivatitm. 

One  plowing;  cultivate  after 
each  winter  rain,  and  once 
a  month  in  summer. 

l^low  once  and  keep  fine  sur- 
face ])y  freiinent  working. 

Plow  in  January  and  March: 
follow  with  six  cultivations. 
()nei)lowing  and  eight  culti- 
vations: more  in  dry  years. 

One  plowing  and  eight  culti- 
vations. 

Cultivation  every  month  or 
ofteiier. 

One  plowing  and  cultivation 
once  a  month. 
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Summary  Hliomng  cuHivation  practice  in  mnnection  vnih  irrigationj  pIc. — Continued. 


Name  and  locality. 


CALIFOKNIA— cont'd. 

interior   vaUeys    and 
foothOU. 

S.  C.  Dondore,  lake- 
side. 


L.  Yates,  Elainore 

J.  W.  Porter,  Temi'scal . 

J.  Q.  Reinhardt,  San 

Jacinto. 
F.A.Blakc,FIemet  .... 


Chase  Company,  Riv- 
erside. 


W.  E.  At  water,  River- 
side. 

R.  H.  Howard,  River- 
side. 

E.  L.  Koethen,  River- 
side. 

James  Boyd, Riverside. 


Leiand  Lyon,  Red  lands 

W.    M.    Bristol,    East 
Highlands. 


W.  F.  Grow,  Messina . . . 
W.S.Corwin,  Messina  . 
0.  J.Merryfleld.Colton. 


E.  We.«<ton,  Blooming- 
ton. 
J.  S.  McCracken,  Rial  to 


£.  Rhodes,  Chi  no 

C.  Prankish,  Ontario. 


Soil. 


Irrigation. 


J.  M.  Hunter,  Bakers- 
field. 
J.  T.  Bearas,  I'orterville 

Thomas  Jacob,  Visalia. 

C.J.  Berry,  Visalia 


C.    J.    Berry,    Lemon 

(/ove. 
J.A.HJll,Hanford 


J.  H.  McCormick.Easton 

Miss    L.     H.     Hatch, 
Fresno. 


George    C.    R<)0<ling, 
Fresno. 


R.  E.  Hutchinson.Fow- 

ler. 
W.G.Uridge.  Fresno... 

N.  Mudgett,  Raymond. 


Clay  and  sandy  loams.  < 


Light  granitic  loam 

and  dark  sediment. 

Light  loams 


do 

do 

Granitic  loam . 


Citrus      and     small 
fruits  Irrigated. 


do 

All  fruit*? irrigated. 

do 

do 

....do 


Cultivation. 


I 


Red  clay  and  sandy 
loams. 

Brown  clay  and  san- 
dy loams. 

Heavy     and      light  i 
loams.  ! 

Red  clay  and  light 
loams. 

Deep,  mellow  choco- 
late loam. 

Medium  heavy  hmI 
loam. 


Heavy     and      light 

loams. 
Medium    and    light 

loams. 
Red  and  brown  sandy  i 

loams. 


.do. 
.do. 
.do. 

.do. 

.do. 
.do. 

.do  . 
.do  . 
.do . 


Light  loams 

Medium    and    light 

loams. 
Light     and      heavy 

umms. 
Decomposed  granite 

and  clay  loam.s. 
— do , 


Red  clay  loam 

Deep  alluvial  sedi- 
ment. 

Alluvial  with  much 
vegetable  matter. 

Deci)  loam  with  gran- 
itic sand. 

Sandy  alluvial 

Light   loam,   "white 

ash." 
Light  loam 


Various  light  loams . 


Clay  and  sandy  loams. 

Rich  gravelly  loam... 

Black,  sandy,  and  riKl 
granitic  loams. 


....do 

....do 

....do 

....do 

....do 

....do 

.Natural  underflow  . 

....do 

Apricots    and    citrus 

fruits  irrigated. 
All  fruits  irrigated.... 

....do 

....do 


.do. 


do 

....do 

Underflow  from  hill- 
side seepage. 


Two  plowings  and  twenty- 
five  workings  with  harrow 
and  cultivator. 

Plow  and  crous  plow  and  three 
or  four  cultivations. 

Two  plowings  and  cultivation 
once  a  month. 

Five  or  six  cultivations. 

One  plowingand  about  twelve 
cultivations. 

One  or  two  plowings;  one  or 
two  cultivations  in  winter 
to  kill  weeds;  cultivation  af- 
ter each  irrigation. 

One  plowing  and  six  or  seven 
cultivations. 

Cultivation  each  month  after 
irrigation. 

One  or  two  plowings  and  cul- 
tivation after  each  irriga- 
tion. 

Two  plowings  and  cultiva- 
tion after  each  rain  or  irri- 
gation. 

Two  plowings  and  fifteen  to 
twenty  cultivations. 

Plow  in  green  crop  in  Febru- 
ary, plow  again  in  April, 
and  cultivate  after  irriga- 
tion each  month. 

Two  plowings  and  cultivation 
twice  a  month. 

Two  plowings  and  eight  cul- 
tivations. 

Plow  twice,  harrow  twice,  cul- 
tivate twice  to  each  irriga- 
tion. 

One  or  two  plowings  and  cul- 
tivation every  month. 

One  plowing  and  frequent 
thorough  cultivation. 

One  plowing  and  six  to  eight 
cultivations. 

(•ultivate  thoroughly  once  a 
month. 

Two  plowings,  three  harrow- 
ings,  and  three  cultivations. 

One  plowingand  ten  to  twelve 
cultivations. 

Two  plowings  and  seven  or 
eight  cultivations. 

Cultivation  every  two  weeks 
during  growing  jKjriod. 
Do. 

Two  plowings  and  three  cul- 
tivations. 

Two  plowings  and  two  or  three 
cultivations. 

Once  with  double  plow,  twice 
with  singleplow,  twice  with 
harrow,  twice  or  more  with 
cultivator. 

Fwo  plowings  and  tw<»  culti- 
vations in  spring:  one  culti- 
vation after  each  irrigation 
in  summer;  cultivation  in 
December  after  first  rain  to 
retiiin  moisture. 

Plow,  harrow,  and  cultivate 
after  each  irrigation. 

Two  nlowings  and  four  culti- 
vations. 
Do. 


Digitized  by  VjOOQIC 


26 

Summary  showing  cuttb'niion  prnctlce  in  conneHum  mUh  irrigations  etc. — Continued. 


Name  and  localtty. 


CALIFORNIA— cont'd. 

Interior    valleys  and 
/ootMa&-Coniinued. 

M.  D.  Atwater,  Merced. 


Mr.  Davis,  Atwater  . 
A.  J.  Hesse,  Merced  . 

W.  T.  Kirkman,  Merced 
J.W.Violett,Ione.. 


Paul    Le    Boyd,  Elk 
Grove. 


C.  E.  Mack,  Florin  . 


W.  Johnston, Courtland 


Soil. 


Sandy  loam  . 


Sandy  soil . . . 
Sandy  plain . 


Sandy  loam 

Black  and  red  loams. . 

Shallow,       gravelly 
loam. 

Various  loams 


Sandy  loam 

Deep  sandy  loam 

Alluvial  sandy  loam. . 
light 


Irrigation. 


Cultivation. 


Citrus  fruitand  olives 
irrigated. 

All  fruite irrigated.... 

do 


.do. 


E.  A.  Gammon,  Court- 
land. 

G.  K.  Swingle,  Davi.s- 
ville. 

F.  B.  McKevitt.Vaca- 
ville. 

E.  R.  Thurber,  Vaca- 
vllle. 

G.  W.  Hinclay,  Winters    Decomposed    sand 

stone. 
.  F.W.Willis, Colusa.... 


Heavy      and 

loams. 
Clay  and  sandy  loams. 


B.F.Walton,  Yuba  City 
G.M.Gray,Chico 


Fred  Scharr,  Red  Bluff. 


Alluvial 

do 

Clay  and  sandy  loams. 


When  rainfall  is  short. 
All  fruits  irrigated.;.. 


Citrus  and  small 
fruits,  also  olives 
and  grapes  on  shal- 
low soils. 

Only  when  rainfall  is 
short. 

do 


do 

No  irrigation 

do 

do 

Winter  irrigation. 


Citrus  and  small  fruits 
only. 

No  irrigation,  but 
would  be  advan- 
tageous in  dry  years. 
Heavy  loam I  No  irrigation 


L.  C.  Nilsson,  Bayles  . . .   Sandy,  gravelly,  and 

I      clay  lofims. 
W.E.Whitmore,Whit-  ,  Heavy,  red  volcanic 


Owen    Dailey,   Whit- 
more. 
W.  B.  Gester,  Newcastle 


loam     and 
loams. 
Red  loam. 


light 


Red  granitic  loam. 
E.  B.  Beecher,  Auburn.    Heavy  slate  loam  . 


J.  E.  Barnes,  lone 

T.  J,  Wagoner,  Pcnn 
Valley. 

Mountain  vaUey». 

J.  H.  Stewart,  Altunus . . 
W.  Sharwood,  Soulsby- 

ville. 
J.  M.  Harris,  Miami . . . . 


Red  upland  loam 

Black  loam,  sandy 
loam,  and  red  hill 
soil. 


Sandy  loam 

Granitic  loam  . 


Alluvial   and   hill 
loams. 


L.  E.  Grove,  Miami !  Clay  and  sandy  loams. 

F.Femmons, Gertrude.   Granitic   and   sandy 
loams. 


Irrigation   for  small 

fruits. 
All  fruits  irrigated.... 


do 

do 

do 

do 

Grapes  and  berries  . . , 


All  fruits  irrigated  . 
do 


Some  apples  irrigated, 
some  not. 

Small  fruits  irrigate<l . 

Slight  irrigation  just  ; 
before  ripening.        i 

All  fruits  irrigated  . 


Ross   Lewers,  Frank-     Black  leaf  mold  and 

town,Nev.»  stmd. 

T.  E.  Jones,  Bishop (^lay  and  sandy  loams do . 

N.  C.  Cooley,  Bi.shop  ...   Sandy  loam do  . 

J.  Baxter,  Independ-   do ' do. 

ence.  I  I 

•This  report  is  inserted  here  because  it  eoraes  from  a  Nevada  jwint  and  is  related  to  those  that  fol- 
low in  that  part  of  California  east  of  the  Sierra  Nevada  Mountains. 


One  plowing  and  frequent  cul- 
tivadons  to  keep  loose  sur- 
face. 

Cultivate  and  cross  cultivate 
after  each  irrigation. 

One  plowing;  three  or  four 
cultivations,  one  after  each 
irrigation. 

Two  plowings  and  four  or  five 
cultivations. 

Two  plowings  and  two  cul- 
tivations. 

Plow  once,  cultivate  twice, 
harrow  three  times,  mash 
clods  once  before  July  and 
then  stop  cultivation. 

For  unirneated  land  from 
three  to  rax  cultivations. 


Two  plowings;  two  cultiva- 
tions; two  harro  wings. 

Three  plowings  and  live  culti- 
vations. 

One  plowing;  two  or  four  cul- 
tivations. 

One  plowing  and  at  least 
twelve  cultivations. 

One  plowing  and  continual 
cultivation  until  August  1. 

Plow  once;  more  cultivation 
and  clodmashing  the  better. 

Two  plowings  and  about 
eight  cultivations. 

Two  plowings;  cultivation 
each  month  until  August 

One  plowing  and  two  to  six 
cultivations. 

One  plowing  and  cultivation 
to  keep  loose  surface. 

Cultivate  twice  a  month.  May 
to  August. 

Three  to  six  plowings,  and  cul- 
tivation after  irrigation. 

Two  to  three  cultivations. 

Two  or  four  plowings  and  two 

or  ten  cultivations. 
One  plowing  and  four  to  six 

cultivations. 
Two  plowings  and   four  to 

eight  cultivations. 
Four  to  five  workings,  with 

shovel  plow  and  cultivator. 


Three  cultivations. 

Trees  grown  in  Irrigated 
clover. 

One  or  two  plowings:  harrow 
or  cultivate  as  often  a.s 
weeds  grow. 

Two  plowings  and  two  sum- 
mer cultivations. 

Winter  and  spring  plowings; 
four  to  six  summer  cultiva- 
tions. 

Young  trees  with  hoed  crops; 
old  trees  in  grass. 

Seven  or  eight  cultivations. 
About  three  cultivations. 
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Summary  shomng  culHvaHon  practice  in  connection  with  irrigatum,  etc, — Continued. 


Name  and  locality. 


CALIFORNIA—COnt'd. 


Mountain  vcUteys— Con- 
tinued, 

C.  A.  Walter,  Independ- 
ence. 
W.  Chappelow,  Llano. . 

A.  B.  Eels,  West  Palm- 
dale. 

O.    L.   Livesay,  Fair- 
mont. 


T.O.Bailey,  Nellie.... 
Chester  Gunn,  JuTian . 

ARIZONA. 

James  Pa^e,  Verde . . . 


I  Sandy 
Granitic  loams 


J.K.Hall,AguaFria.. 
C.  T.  Adams,  Phoenix . 


do 


Cultivation. 


Seepage  underflow 
from  adjacent 
mountains. 

To  start  young  trees. . 


.do. 


Light    and 
loams. 


heavy 


Black  clay  loam  and 
sandy  or  gravelly 
loams. 

Rich  alluvial 

Light  loams  and 
Heavy  clay  loams. 


O.  Allen,  Phoenix I  De<iert  loam 


G.  H.  Clayson,  Phoenix '  Sandy,  gravelly,  and 


E.  N.Wilson,  Phoenix 
C.  Williams,  Phoenix.. 


One  plowing;  two  cultiva- 
tions. 

One  plowing;  cultivation 
after  each  irrigation. 

One  plowing;  two  to  three 
culnvations. 

Plow  once,  harrow  twice, 
chisel-cultivator  once,  weed- 
cutter  two  to  four  times. 

One  plowing  and  two  to  three 
cultivations. 

One  or  two  plowings  and  fre- 
quent culuvation  until  fall. 


Fall  and  spring  plowing, 
using  cultivator  and  harrow 
for  eight  months  after  each 
irrigation. 

Plow  in  winter;  mow  weeds 
several  times  in  summer, 
leaving  them  on  the  nound. 

do Clean  cultivation  with  eight 

,  or  ten  worlsings,  but  clean 
culUvaUon  is  killing  the 
trees. 

Hoe  around  trees  constantly; 
clean  culture  of  open  spaces 
is  being  abandoned,  as  it 
wears  out  the  soil. 


GENERALIZATIONS   FROM   SUMMARY. 

The  foregoing  account  of  actual  practice  of  fruit  growers  through- 
out the  whole  area  of  the  Pacific  States  affords  opportunity  for  long 
study,  but  only  a  few  deductions  can  be  made  at  this  time.  It  will 
serve  as  a  guide  to  practice,  and  by  comparisons  of  methods  and  fre- 
quency of  cultivation  it  will  yield  many  suggestions  of  practical  value 
to  the  grower.  A  broad  view  of  the  prevailing  practice  justifies  the 
following  generalizations: 

Fii-st.  Clean  summer  tillage  is  almost  a  universal  practice  in  the 
fruit  regions  of  the  Pacific  coast.  If  space  had  permitted  the  intro- 
duction of  reports  from  the  more  humid  region  of  the  coast,  like  those 
given  above,  it  would  have  appeared  that  a  few  growers  in  regions  of 
heaviest  rainfall  approve  the  growth  of  cover  crops,  like  clover,  after 
the  trees  reach  hearing  age,  and  also  that  others  employ  scant  summer 
cultivation,  or  cultivation  for  a  short  period  only.  The  idea  of  these 
growers  is  that  such  practices  relieve  the  soil  of  excessive  moisture, 
either  by  the  growth  of  the  cover  crop  or  by  facilitating  surface  evap- 
oration, and  so  prevent  the  tree  from  l)eing  stimulated  to  too  large 
wood  growth,  or  maintaining  growth  so  late  in  the  season  as  to  enter 
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the  frost  period  in  too  active  a  condition  and  with  new  wood  not  prop- 
erly matured.  Quite  in  contract  with  this  is  the  practice,  which  is 
gaining  ground  in  the  hottest  parts  of  the  irrigated  region,  of  growing 
alfalfa  as  a  cover  crop  for  the  purpose  of  shading  ^the  soil  and  thus 
reducing  soil  temperature  and,  perhaps,  of  avoiding  the  ill  eflfecte  of 
the  reflection  of  burning  sun  heat  from  a  smooth  surface  of  light- 
colored  soil,  or  the  ill  effect  of  ''burning  out  of  humus"  by  clean 
summer  culture.  In  such  cases  more  irrigation  is  needed  to  supply 
enough  water  for  the  growth  of  both  trees  and  cover  crop.  But  at 
present  these  exceptions  are  of  rare  occurrence. 

Second.  The  adoption  of  a  policy  of  clean  cultivation  in  the  dry 
season  is  not  conditioned  upon  the  amount  of  moisture  available  either 
by  rainfall  or  irrigation.  The  table  shows  that  it  is  pursued  both 
where  irrigation  is  practiced  and  where  it  is  not,  and  also  where  the 
rainfall  is  greatest  and  where  it  is  least.  It  prevails  in  the  humid 
region  where  rainfall  may  rise  to  60  inches  or  more  and  in  the  arid 
region  where  it  may  not  exceed  one-tenth  as  much.  As  a  matter  of 
fact,  there  does  not  appear  to  be  a  good  fruit  soil  so  deep  and  reten- 
tive that  it  can  retain  enough  even  of  a  very  heavy  rainfall  to  effect 
good  tree  growth  and  fruit  bearing  if  it  is  forced  to  sustain  the  loss 
by  evaporation  from  a  compact  surface  during  the  long  dry  season 
following.  There  may  be,  it  is  true,  soils  weak  in  capillarity,  in  which 
water  can  not  rise  from  a  great  depth  and  in  which  deep  rooting 
plants  may  find  ample  water  in  the  subsoil,  providing  it  is  held  there 
by  impervious  underlying  sti*ata.  There  are  man}'^  more  instances 
where  loss  by  natural  drainage  is  added  to  loss  by  evaporation.  But, 
disregarding  exceptions,  the  loss  of  moisture  by  both  drainage  and  evap- 
oration during  the  dry  season  is  so  great  that  the  soil  to  a  depth  of 
several  feet  loses  practically  all  the  water  which  is  available  for  plant 
growth,  and  the  trees  fail  or  become  unprofitable.  Loss  by  drainage 
can  not,  practically,  be  prevented,  but  loss  by  evaporation  can  be  so 
reduced  that  trees  and  vines  will  be  adequately  supplied  in  spite  of 
the  loss  by  di'ainage.  Because,  therefore,  the  soil  can  not  retain 
enough  water  in  its  natural  state,  no  matter  how  much  it  may  receive, 
clean  summer  cultivation,  involving  quite  complete  and  more  or  less 
frequent  stirring  of  the  surface  to  the  depth  of  4  to  6  inches,  is 
the  almost  universal  practice,  irrespective  of  local  rainfall  or  of 
irrigation. 

Third.  The  prevailing  motive,  then,  for  cultivation  in  the  dry-summer 
I'egion  is  moisture  retention.  In  this  respect  good  surface  tilth  is  so 
effective  that,  though  enough  moisture  can  not  be  retained  without  it, 
so  much  can  be  retained  with  it  that,  even  where  irrigation  or  rainfall 
is  modei*ate  in  amount,  it  may  serve  all  purposes  of  the  tree  or  vine. 
Thus  cultivation  enters  into  the  fruit-growers'  practice  in  the  region 
under  consideration,  not  to  make  large  rainfall  effective,  as  it  does  in 

digitized  by  VjOOQ IC 


29 

some  parts  of  the  region,  but  to  make  moderate  rainfall  effective,  or 
to  make  small  irrigation  effective,  by  increasing  the  duty  of  water 
which  is  applied.  It  becomes  not  only  a  ruling  consideration  in  the 
effectiveness  of  a  certain  amount  of  rainfall,  bs  has  already  been  sug- 
gested in  another  connection,  but  it  also  determines  the  success  of 
irrigation  and  the  amount  of  water  required;  for,  although  it  was  an 
early  and  rude  practice  to  rely  upon  irrigation  to  support  uncultivated 
fruit  trees  and  to  irrigate  more  and  more  frequently  as  the  ground 
became  harder  from  its  use,  this  policy  has  now  no  standing  in  com- 
mercial fruit  growing.  Not  only  was  it  wasteful  of  water,  but  it  was 
otherwise  detrimental  to  the  thrift  of  trees. 

Fourth.  Thorough  cultivation,  both  in  winter  and  summer,  has 
other  very  important  ends  in  view.  It  opens  the  soil  and  promotes 
aemtion;  it  encourages  deeper  rooting  and  thus  encoui^ages  the  tree  to 
take  possession  of  a  greater  soil  mass  both  for  moisture  and  other 
plant  food.  It  is  part  of  a  very  valuable  policy  of  increasing  humus 
by  plowing  under  the  natural  growth  of  weeds  or  specially  sown  leg- 
umes. This  increases  the  amount  of  organic  matter  in  the  soil,  adds 
new  plant  food,  promotes  the  friability  of  heavy  soils  and  the  reten 
tiveness  of  light  soils,  and  is  otherwise  valuable.  Green  manuring  in 
some  parts  of  the  region  is  done  by  plowing  in  winter  growths  in  the 
spring.  In  the  localities  where  summer  growth  of  alfalfa  as  a  soil 
cover  is  advocated  as  a  substitute  for  cultivation,  cutting  the  crop 
without  removing  it,  but  allowing  it  to  disintegi*ate  in  place,  is  held 
by  some  growers  to  be  additional  protection  to  the  soil  surface  and 
some  addition  to  its  supply  of  plant  food. 

Fifth.  The  exact  methods  by  which  desirable  conditions  of  tilth  are 
to  be  secured  are  in  part  dependent  upon  the  local  soil  and  climate  and 
in  part  upon  the  individual  conceptions  of  growers.  It  will  not  be 
possible  in  this  connection  to  undertake  an  elaborate  analysis  of  the 
methods  reported  in  the  preceding  table,  nor  their  relations  to  attend- 
ant circumstances  of  rainfall,  soil,  and  irrigation  practice.  It  will 
appear,  however,  that  very  diligent  cultivation  is  practiced  both  by 
those  who  rely  upon  local  rainfall  and  by  those  who  irrigate.  Irriga- 
tors cultivate  most  frequently,  which  is  not,  however,  evidence  that 
their  methods  are  better  than  those  of  nonirrigators.  Frequency  of 
irrigation  is  in  itself  not  desirable  if  it  can  be  avoided,  as  will  be  dis- 
cussed in  another  connection.  Frequency  of  cultivation  with  irriga- 
tion simply  indicates  that  so  often  as  the  soil  is  thrown  out  of  good 
condition  for  moisture  retention,  so  often  must  such  good  condition  be 
restored.  If  it  should  be  concluded  from  the  wide  collection  of  data 
that  the  prevailing  practice  is  in  the  line  of  more  frequent  working  of 
the  soil  than  some  employ,  the  lesson  would  be  a  valuable  one.  There 
enters  here,  however,  the  proper  study  of  the  soil  with  which  each 
grower  has  to  deal,  the  behavior  of  his  trees,  and  the  quality  of  his  fruit 
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under  his  present  methods,  and  a  reasonable  amount  of  experience  on 
his  part  to  determine  whether  he  has  not  something  to  learn  from  the 
example  of  the  more  diligent  soil  workers  whose  practice  is  outlined 
in  the  table. 

Sixth.  To  one  who  has  observed  the  evolution  of  culture  methods 
on  the  Pacific  coast  for  the  last  twenty-five  yeai's,  the  data  included  in 
the  preceding  table  are  particularly  interesting  as  showing  the  increas- 
ing popularity  of  the  plow  in  orchard  and  vineyard  work.  There  was 
a  time  when  on  our  lighter  loams  various  styles  of  cultivators  and 
harrows  seemed  likely  to  rule  out  the  plow.  Where  rainfall  is  small 
these  tools  worked  so  well  both  winter  and  summer  that  it  seemed  a 
good  and  economical  policy  to  keep  the  ground  always  clean  of  weeds 
and  with  a  finely  pulverized  surface.  Where  the  soil  was  more  reten- 
tive and  the  rainfall  heavier,  the  land  was  frequently  out  of  condition 
for  winter  working,  the  weeds  and  native  clovers  grew  freely,  and  the 
plow  always  seemed  indispensable  to  cover  in  the  green  stuff  and  break 
up  the  compacted  surface.  At  the  present  time,  as  the  foregoing  data 
show,  the  plow  has  regained  its  standing  as  the  proper  basis  for  satis- 
factory summer  pulverization.  This  has  come  from  the  very  wide 
observation  that  continued  shallow  work  with  the  cultivator  causes 
a  hardpan  at  whatever  depth  the  teeth  cease  their  cutting,  and  this  hard- 
pan  in  many  soils  even  of  rather  coarse  nature  may  become  so  cemented 
that  the  penetration  of  moisture  is  arrested  and  the  subsoil  becomes  too 
dry  for  the  best  root  growth,  although  the  surface  layer  may  be  fre- 
quently saturated  by  rain  or  irrigation.  This  condition  is  aggravated 
by  irrigation,  but  may  be  corrected  by  better  methods  in  the  applica- 
tion of  irrigation  water,  as  will  be  shown  in  the  proper  connection 
later.  A  continuous  rain  may  partially  overcome  it.  The  usefulness 
of  the  plow  in  deeper  disintegration,  in  opening  the  soil  to  deep  recep- 
tion of  water  and  in  laying  a  foundation  of  good  tilth  by  its  deeper 
reach  and  by  its  superior  breaking  action,  is  now  being  widely  recog- 
nized. There  are  now  very  few  cases  in  which  the  plow  is  not  used 
once  in  the  year,  and  in  many  cases  two  plowings  are  held  to  be 
desirable.  Deep  plowing  of  a  central  strip  between  the  rows  and 
shallower  plowing  neai-er  the  trees  or  vines  is  a  common  practice.  The 
table  shows  that  some  growers  make  much  freer  use  of  the  plow.  It 
is  probably  true  that  in  some  parts  of  the  coast  the  modern  cultivators 
are  not  yet  well  known  and  their  economy  recognized.  The  turning 
of  the  soil  in  the  dry  season  is  accompanied  by  a  loss  of  moisture, 
which  is  unnecessary  and  can  be  avoided  by  the  newer  implements 
which  stir  deeply  and  thoroughly  without  turning. 
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IVTEBCTJLTTTBE  Df  OBCHABD  AHD  VIHEYABD. 

Closely  related  to  cultivation  is  the  practice  of  intercropping,  and 
it  is  so  important  that  special  inquiry  was  made  to  ascertain  the  pres- 
ent practice  and  general  attitude  of  the  growers  toward  it.  The  iirst 
and  most  wide-reaching  conclusion  is  that  the  policy  of  intercropping 
for  any  purpose  whatever  is  not  in  favor  with  two-thirds  of  the  grow- 
ers. Out  of  286  replies  to  questions  on  this  subject  received  from  all 
the  districts  of  the  coast,  both  in  humid  and  arid  sections,  187  declared 
against  intercropping,  while  99  favored  it.  In  many  cases,  however, 
such  favor  was  provisional  and  restricted.  The  matter  is  of  such 
importance  in  connection  with  irrigation  practice  that  the  following 
table  has  been  prepared  to  show  the  practice  of  growers  who  favor 
intercropping  throughout  the  territory  covered  by  this  report: 


Summary  showing  intercuUure  in  orchard  and  vineyard. 


Name  and  locality. 


Irrigation. 


Intercropping. 


H.  A.  Ruaacll,  Kendrick Little  or  no  irri-  Small  navy  beans;  average,  1,000  pounds  to  the  acre. 

gation. 

E.  H.  Libby,  Lewiston Irrigated j  Berries  and  root  crops  until  trees  are  4  or  5  yean 

I  old. 

W.  W.  Wells,  New  Plymouth .  | do Nothing,  but  others  grow  berries  and  root  crops. 

W.  G.  Whitney,  Pavette ' do Small  fruits  during  flrst  3  or  4  years. 

A.  P.  Hartley,  Caldwell do I  Better  nothing,  but  some  grow  com  2  years. 

Geo.  Little,  Caldwell I do ;  Berries  and  currants  only. 

Kobt.  Milliken,  Boifse i do Hoed  crops  first  3  veare. 

A.  Mcpherson,  Boise do Com  and  vegetables  firsts  years. 

W.  A.  Sample,  Blackfoot ' do |  PoUtoes  and  berries. 


•| 


Rofls  Lewera,  Franklin ;  Irrigate<I  . 


WASHINGTON. 

Fred  Eichholtz,  Edison No  irrigation . 

John.  A.  Stewart,  Christopher do 

J.  H.  Kinney,  Mount  Vemon do 

C.  Robin.son,  Chelan ' do 

L.  H.  Spader,  (Thelan do 

J.  W.  Himes,  Elma do 

A.  L.  Aabling,  Seattle do  . 

A.  M.  Fcrrell,  Redmond do  . 


H.  C.  Cx)ok.  White  Salmon do  ... . 

F.  A.  English,  Farmlngton do 

Geo.  Ruedy,  Colfax do 

E.  P.  Gilbert,  Spokane do  . . . . 

D.  W.  Bridgman,  I.Atah do  ... . 

Jason  Whfnney,  Spokane do 

F.  E.  Thomp.son,  Parker Irrigated  . 

A.  E.  Koehler,  Wenatchee do  ... . 

J.N.  James,  Waitsburg do 


Henry  E.  Doech,  Hillsdale . . . 
A.  Holaday,  Soappoose 


No  irrigation  . 


.do  . 


Hoed  crops  for  young  trees;  old  trees  in  grass. 


Small  fruits  in  young  orchard;  after  8  years  of  age, 

red  clover. 
Vegetables  and  small  fmits  until  8  years  old;  then 

clover  or  grass. 
Potatoes,  5  or  6  years;  after  that,  nothing. 
Com  and  potatoes,  3  years;  after  that,  nothing. 
Corn.  20  to  40  bushels  ix'r  acre. 
Hoed  crops  until  trees  bear;  nothing  afterwanls. 
Vegetables,  4  to  5  feet  each  side  of  the  trees. 
Vegetables,  first  5  or  ()  years;  afterwards,  field  peas 

and  red  clover,  alternate  years. 
Com  for  first  8  years:  afterwards,  nothing. 
VegetablcH  until  trees  come  into  bearing. 
Any  hoed  crf>ps  while  trees  are  young. 
Any  hoe<l  crops. 

Beans,  nea»,  squashes,  melons.  carrotM,  and  pfitatoes. 
Vegetables  or  corn  while  trees  are  small. 
First  2  years,  potatoes;  afterwards,  clover  sod. 
Corn  and  potatoes,  4  or  6  years. 
Berries  and  vegetables. 


Cherries  and  pears,  possibly  apples,  should  be  in 

sod  when  in  full  bearing. 
Com,  potatoes,  and  nursery  stock,  first  4  or  6  years. 

J.  S.  Brooks,'  Lafayette do Potatoes,  com,  etc.,  first  3  or  4  years. 

H.  Finley,  Monroe do Potatoes,  first  2  years, 

L, T.  Reynolds,  Salem do '  Beans,  com,  carrots,  potatoes,  etc.,  while  trees  are 

,  I      young. 

Ghas.  L.  Dailey,  Salem do Nothing,  except  possibly  vegetables.     Some  grow 

i  I      berries,  but  I  don'.t  approve  it. 

B.  Cunningham,  Liberty do Ground  cultivated  l>otli  ways  for  4  years 

J.  J.  Harden,  Stayton ' do Root  crops  and  corn:  only  legumes  to  plow  under. 

C.  £.  Stewart,  Medlord do Cropb  until  trees  are  3  years  old. 
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Summary  showimj  irUerciUture  in  orcluird  and  vineyard — Continued. 


Name  and  locality. 

OREGON — continued. 
H.  W.  Oliver,  SuinmerviHe. . . 


8. A. Miller, Milton  ... 
Thoe.Spence,  Milton  . 


Irrigation. 


No  irrigation  . 

Irrigated 

do 


CALIFORNIA. 


I 


Mrs.  Victor  Hope,  Blocks-  |  No  irrigation . 
burg. 

W.  H.  Bailar,  Fortuna ' do 

G.  W.  Brant,  Fish  R<K-k I do 


I 

E.  F.  Cook,  Napa i do  . 

W,  H.  Hilton, (jlcnellen do  . 

Robert  Hall,  Sonoma do  . 

B.  H.  Upham,  Martinez do  . 

F.  Barbour,  Clayton do  . 

E.  M.  Ehrhom,  San  Josv do  . 


A.  Blo(^k,  Santa  Clara Irrigated  . 

E.  Berwick,  Monterey do 


Intercropping. 


Com,  beans,  and  potatoes  until  trees  shade  too 

much. 
Strawberries,  first  3  years. 
CropH  until  trees  are  8  years  old. 


Com  is  grown  among  young  trees. 


Strawberries,  carrota.  potatoei«. 

Vegetables  In  summer;   in  winter  grass  to  plow 

under 
Root  crops. 
Corn. 

We  grow  com  when  starting  young  orchard. 
Corii  for  fodder  while  trees  are  young. 
Corn  in  wet   years   to  protect  trees   from   grass- 

hopners. 
PumpKins,  carrots,  and  com  only  when  trees  are 

young. 
roMH  and  carrots  for  farm  use  only. 
Berries,  corn,  potatoes,  beans,  squashes,  and  man- 
gels. 
Com,  potatoes,  and  beans  from  1  to  5  years. 

J.  A.  McCune,  WateonviHe  . . .' do'. ('orn  2  years. 

James  Waters,  Watsonville  . . i do Berries  when  trees  are  young;  better  nothing  after 

!  3  years. 

J.  A.  Girard,  Cayucos ' do Corn  or  hoed  crops,  but  l)ettor  nothing. 

Fred  Scharr,  Redbluff do |  Sorghum  while  trees  are  young. 

Win,  Johnston,  ( -ourtland do i  Watermelons,  cantaloupes,  .s<juashes,  etc. 

Paul  Le  Boyd,  Klkgrove Irrigated (?om  foddei  if  trees  are  far  apart. 

J.W.Violett.Ione vt. -?_,__......         i  .»_...„„ »... _^ 

J.  E.  Barnes.  lone 

A.  J.  Hesse,  Mercea 


R.  W.  E&Um,  Watsonville  . 


No  irrigation  . 


Gi'o.  C.  Roeding,  Fresno. 
W.  G.  Uridge,  Fresno .... 


No  irrigation Potatoes,  pumpkins,  and  pea.s. 

Irrigated Pumpkins  and  root  crops  when  young. 

do Vegetables;  but  danger  of  giving  trees  tcx)  much 

water. 

do Pumpkins  until  trees  come  into  bearing. 

do Only  low-growing  vegetables  in   center  of  wide 

rows. 

J.S.McCormick,Eaton do Pumpkins  and  watermelons  while  trees  are  small, 

J.  T.  Bearas,  Porter\'ille i do Sorghum  while  trees  are  young. 

W.  G.  Gester,  Newcastle do Small  fruits  for  a  year  or  two  at  most. 

Nelson  Mudgett,  Raymond . :   Subirrigated Watermelons. 

J.  H.Stewart,  Alturas Irrigated Vegetables   when    trees    are    young;    afterwards 

I  !      alfalfa. 

W.  E.  Whitmore,  Whitmore. do Beans;  usually  red  clover  Is  desirable. 

Owen  Dailey,  Whitmore do Vegetables  first  3  or  4  years. 

H.  (;.  Fuchs,  (rrass  Valley I do Berries  while  trees  are  small. 

Frank  Femmons,  Gertrude . . ' do Squashes  and  other  vines  while  trees  are  young. 

W.  Sharwood,  Soulsby ville do '  Clover  and  potat<x?8  in  rotation. 

L.  E.  Grove,  Miami | do ,  Only  green  crops  to  plow  under. 

»^w„  «_„*__  T_  J 1 ^ ^Qj.jj  jjjj^j  ^jj  kinds  of  berries  while  trees  are  young. 

do '  Berries  and  currants. 

No  irrigation Beans  are  grown,  but  inadvisable. 


John  Baxter,  Independence 

N.  C.  Cooley,  Bishop 

Ellwood  ('ooper,  Saut*i  Bar- 
bara. 

J.V.Alvord,EIRio 

H.  J.  Dennison,  Nordhoflf 

A.  S.  Thatcher,  Nordhoff 

Fmnk  Dunn,  Fillmore 

O.  E.  Roberts,  Colegrove 

L.  T.  Garnsey ,  San  Fernando . 

F.  E.  Gray,  Alhnmbru 

J.  F.  Branch,  Artesia 

R.  H.  Howard,  Riverside 

James  Boyd,  Riversiie 

L.  Yates,  Elsinore 

Jud.son  Williams,  Fallbrook. 

T.O.Bailev,  Nellie 

Jobes  Brothers,  Escondido. . . 

L.  E.  Kent,  Poway 

G.P.Hall, San  Diego 

J.  1*.  Jones,  Linda  Vl.sta 

ARIZONA. 

James  Page,  Verde  Valley. . . 
Orlando  Allen,  Phoenix  .... 

G.  H.  Clayson.  Phoenix 

W.  Wilson,  Phoenix 

Chas.  Williams,  Phoenix 

J.  H.  Bowman,  Tucson 


Irrigated Beans  when  trees  arc  small ;  afterwards  nothing. 

No  irrigation Squashes  to  2  or  3  years  old. 

Irrigated With  enough  water  many  things  would  pay. 

do BeaiLs,  but  better  with  nothing. 

do Tomatoes  and  beans  during  the  winter. 

do Vegetables  until  trees  are  4  years  old. 

do Small  fruits. 

Subirrigated Beans  or  peanuts. 

Irrigated Melons  until  trees  are  4  years  old. 

do Pumpkins,  etc.,  only  when  trees  are  small. 

do Vegetables  in  a  small  way. 

do Green  manure  plants  only. 

No  irrigation Com,  potatoes,  cabbage,  and  turnips. 

Irrigated Beets,  corn,  etc. ,  up  to  sixth  year. 

do '  Potiitoes,  beans,  etc. 

do Strawberries  sometimes  profitable. 

do Vegetables  and  strawberries  in  some  cases. 


Irrigated . 

do.... 

do.... 

do.... 

do.... 

do.... 


Com. 

Grow  clover  for  hay. 

Alfalfa  mowed  and  left  on  the  ground. 

strawberries  do  fairly  well. 

lii'ans  and  potatoes. 

Beans  anmng  young  trees  with  profit. 
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The  pmctice  of  intercropping,  either  for  the  direct  value  of  the 
crop,  or  for  the  indirect  advantage  of  it  as  a  green  manure,  or  for  a 
ground  cover,  is  conditioned  upon  the  amount  of  water  available, 
either  by  irrigation  or  rainfall,  and  upon  the  character  of  the  soil. 

Where  the  soil  is  deep  and  retentive,  and  the  rainfall  large,  inter- 
crops maj^  be  admissible,  so  far  as  moisture  is  concerned,  because 
there  may  be  enough  present  for  both  the  trees  or  vines  and  the  inter- 
crop, but  they  may  be  undesimble  because  of  exhaustion  of  fertility 
which  should  be  conserved  for  the  later  use  of  the  fruit  plants.  It  is 
a  prerequisite,  therefore,  to  intercropping  that  the  soil  have  not  only 
suiplus  moisture  but  surplus  fertility  which  can  perhaps  he  drawn 
upon  for  present  use  and  restored  later  as  it  may  be  needed.  Unless 
such  surpluses  are  available,  the  whole  tenancy  of  the  ground  should 
be  awarded  to  the  trees  and  vines,  unless  intercropping  be  resorted  to 
for  the  purposes  of  using  abundant  moisture  in  the  growth  of  legumes 
which  may  be  plowed  in  for  the  future  benefit  of  the  main  crop.  But 
there  are  locations  where  great  depth  and  fertility  and  ample  minfall 
coincide,  and  in  a  few  such  places  orchard  trees  are  still  vigorous  and 
profitable,  although  for  twenty  years  or  more  intercrops  of  small 
fruits  and  field  vegetables  have  been  continuously  grown.  .  . 

Intercropping  with  irrigation  is  subject  to  the  same  conditions  in 
respect  to  ample  water  suppl3\  When  water  is  available  it  can  be 
applied  as  needed  and  long  retention  in  the  soil  is  not  essential,  as  is 
the  case  with  rainfall.  For  this  reason  intercrops  are  more  popular 
in  irrigated  regions  than  elsewhere  and  can  be  undertaken  on  shal- 
lower and  less  retentive  soils.  The  question-  of  fertility  is,  however, 
also  important,  but  most  of  the  soils  of  the  arid  region  which  are 
chosen  for  fruit  are  very  rich.  Because  they  have  not  been  leached 
by  excessive  rainfall  they  retain  relatively  larger  supplies  of  plant 
food  than  the  soils  of  the  humid  region,  and  the  planter  is  often  much 
aided  in  the  problem  of  maintenance  while  his  fruit  trees  are  coming 
to  bearing  age  by  turning  a  part  of  the  strength  of  his  soil  into  sale- 
able produce. 

The  resort  to  cover  crops  as  a  substitute  for  clean  cultivation  is 
coming  into  greater  prominence  in  irrigated  districts.  In  western 
Oregon  and  Washington,  where  rainfall  is  very  heavy,  the  growing 
of  clover  in  old  orchards  has  been  long  practiced,  as  has  already  been 
stated  in  another  connection.  The  use  of  cover  crops  to  protect  the 
soil  in  the  hotter  irrigated  regions  has  also  been  mentioned  and  its 
claims  to  advantage  stated.  The  foregoing  table  gives  data  on  these 
points.  The  practices  are  commendable  under  the  conditions  cited  in 
each  case  and  are  likely  to  increase  in  popularity.  The  cover  crop 
should  be  a  legume  if  possible,  and  owing  to  degrees  of  hardiness 
different  plants  may  be  chosen  for  summer  and  winter  growth.  There 
are  objections  to  perennial  legumes,  because  their  use  prevents  culti- 
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vation  and  aeration  of  the  soil,  and  because  the  undisturbed  soil  favors 
the  increase,  of  injurious  insects  and  rodents.  These  dangers  are, 
however,  reduced  by  having  irrigation  arrangements  by  which  the 
water  niaj'  be  held  upon  the  ground  for  a  length  of  time  in  winter. 
A  newer  practice  is  the  use  of  legumes,  like  peas,  lupines,  melilot,  etc., 
which  grow  during  the  winters,  in  the  southern  parts  of  the  coast 
region  at  least,  to  be  plowed  under  in  spring,  and,  after  this  plowing, 
sowing  summer  legumes,  like  cowpeas,  crimson  clover,  etc.,  to  be 
turned  under  in  the  fall.  This  pmctice  is  rather  expensive  in  seed, 
work,  and  water,  perhaps,  but  where  water  is  abundant  and  cheap, 
it  is  questionable  whether  the  salutary  eflFects  of  soil  protection  and 
the  value  of  the  plant  food  added  to  the  soil  can  be  secured  so  cheaply 
in  any  other  way.  At  present,  as  shown  in  the  table,  some  growers 
cling  to  the  free  use  of  water  and  the  growth  of  alfalfa  as  a  good 
practice  in  hot,  dry  regions. 

The  table  gives  a  long  list  of  plants  as  commended  for  growth  among 
fruit  trees.  So  great  is  the  variet}'  that  no  clear  deductions  can  be 
made  as  to  the  nature  of  the  plants  to  be  chosen.  It  seems  to  depend 
largely  upon  the  use  or  market  which  the  grower  has  for  them.  Obvi- 
ously, however,  it  should  be  a  plant  which  admits  of  good  summer 
cultivation,  unless  the  land  is  to  be  laid  down  in  clover  and  water 
freely  used.  In  most  cases  the  crop  must  be  grown  in  rows  or  hills, 
and  tue  soil  be  frequently  and  thoroughly  worked  to  prevent  evapora- 
tion. Where  full  cultivation  is  not  provided  for,  the  leafy  vines  of 
the  squash  family  are  thought  to  be  serviceable  in  soil  shading,  and 
this  class  of  plants  is  particularly  popular  in  the  ('alifornia  irrigated 
districts. 

IBBIQATION   SEASON   AND   FBEaUENGY    OF   APPLICATION   AND 
AMOUNTS  OF  WATEB  USED. 

After  conservation  by  cultivation  and  other  schemes  devised  for  the 
economical  use  of  water,  the  next  question  is  as  to  the  irrigating  season, 
the  frequency  of  application  desirable,  and  the  amounts  of  water  actually 
used.  Along  these  lines  very  careful  inquiry  has  been  made  to  ascer- 
tain the  views  and  practices  of  growers,  and  tabulations  of  results  will 
be  given  below.  That  growers  are  seriousl\'  in  error  as  to  the  amounts 
of  water  they  use;  that  they  often  use  more  than  they  think;  that  they 
sometimes  use  more  than  the\^  need,  and  that  they  do  not  always  secure 
the  highest  duty  of  which  the  water  is  capable  are  all  strong  proba- 
bilities. The  demonstration  must  come  from  more  comprehensive  and 
accurate  studies  than  have  yet  f)een  made,  although  the  publiaition  of 
such  data  as  are  now  available  affords  opportunity  to  study  the  question 
from  accurate  measurement  of  water  and  crops  produced."  The  fur- 
ther pursuit  of  the  study  will  yield  results  of  incalculable  value.  It  is 
still,  however,  important  to  have  the  wide  collation  of  growers"  con- 
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ceptions  of  amounts  of  water  used,  which  this  special  inquiry  yields. 
Comparison  of  these  with  the  results  of  measurement  will  be  an  inter- 
esting effort  of  the  future. 

In  preparing  the  following  table  most  careful  effort  has  been  made 
to  fairly  translate  the  various  estimates  which  individual  growers 
submitted  to  a  uniform  standard  of  acre-inches.  The  results  both  in 
estimate  and  calculations  are  as  accurate  as  effort  and  inquiry,  some- 
times several  times  repeated,  can  make  them: 

Summary  showing  irrigation  season  and  frerpiency  of  application  and  amounts  of  water 
used  for  deciduous  fruits  on  the  Pacific  coast. 


Region. 


Rain- 
fall 


Irrigation  sea'ion. 


I  Number  Depth  of  |     Total 
I  of  irriga-  each  irri-  depth  for 
I    tions.       gation.  •  season. 


Lewlston  Valley 14-20     '  July  to  Sept.  15. 

Weiaer  Valley May  to  August . 

Do ! do 

Payette  Valley ;  May  to  Aug.  15. 

Do. 


Boise  Valley I Mav  to  August  . 

Do j  8-12        April  to  August. 

Do I I  May  to  August . 


WASHINGTON. 


I 


45 
40 


North  Yakima I ;  June  to  September .. , 

Parker |  3-6       |  June  to  August 

Wenatchee ' '  June  to  .\ugust  and 

I  I      In  October. 

Lincoln | j  June  to  August , 

Touchet I      1'      ! do 

CALIFORNIA  (COUNTIES). 

Shasta 

Do 

Butte 

Butte 

Colusa 

Nevada 

Placer 

Do 

Do 

Sacramento 

Do 

Do 

Do 

Santa  Clara 

Do  

Do 

Do 

Do 

Do 

Do 

Do.: 

Do 

Monterey 

Merced 

Do 

Fresno 

Do 

Do 

Kings ., 

Tulare , 

Kern , 

Inyo 

Santa  Barbara , 

Los  Angeles , 

Do 

Do 

Do 

Orange 

Do 

Do 

Do 

Do 

Do 

Do 


28 
12 
40 
25-85 
25-85 
26-36 
20 
18 
18 
18 
20 
20 
20 
20 
16 
20 
16 
12 
20 
13 
12 
10 
8 
8 
8 


4 

8.5 


18 
20 
12 


16 
12 


June  to  August , 

do 

May  to  July 

February , 

Winter 

Summer 

June  to  October 

May  to  October 

May  to  September 

June  to  September . . . 

June  to  October 

July  to  September 

June  to  August 

March  and  May 

February  and  May 

March  to  June 

Summer 

March  to  June .... 

March 

Julv  to  August 

Winter 

January  to  July 

February  to  June 

Summer 

do 

do 

February 

March  to  July 

Summer 

March  to  May 

March  to  June 

April  to  August 

March  and  May 

,  March  or  April 

July 

I  June  to  November 

June  to  October 

I  March  or  April 

I  Summer 

do 

January,  March,  June 

Winter 

Summer 

do 


Inches.  Inchett. 

3-6     1.6-2  4.5-10 

4          12  AH 

3-4           8  9-12 

8-6   36 

4    14-24 

4            3  12 

4-6  , 

8-6    30 


2-4  2 

4  ,          2        i 
2-6    1 


4-8 

8 

24 

6.0 


11  I 
3-41 
2-3  I 

1 
lor2  ; 
1 

12  : 
10  I 
10  1 

3-4  I 
S-IO 
2 
2  I 

1-8 
2  I 

1-8 
1 
8 
1 
3 

1-4 

8-4 

'2r-A 

8-4 
1 
2 

2-4 
1 
2 
6 
2 
1 
1 

2-8 
3 
1 

2-3 

2 

3 

lor  2 

2 

2  or  8 


L5 
2 
6 
12 
12 
2.6 
1 
2 

L26 
1 
1 

1.25 

L26 

6-8 

6 

8-12 

8-4 

3 

12 

4 

8-10 

4 

4 

2-8 

3-6 

2.6 

12 


4 

1.5 
1.6 
6-9 
6 
2 

2.76 
12 
2 
4 
4 
4 
3 


17.6 

8 

12-18 

12 

12-24 

2.5 

12 

22 

12.5 

18 

5 

8.26-6 

10-12.6 

12-16 

12 

9-12 

6-8 

8-9 

12 

12 

8-10 

12 

4-16 

6-12 

12-24 

7.6-10 

12 

12 

8-16 

6 

8 

7.6 

3 

6-9 

6 

4-6 

8.26 

12 

4-6 

8 

12 

4-S 

6 
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Summary  showimj  irrigation  season,  eU\ — Continue<l. 


Region. 


Rain- 
fall. 


CALIFORNIA  (COUNTIES)— COntM. 


San  Bernardino  . 

Do 

Do 

Riverside 

Do 

Do 

Do 

fc'an  Diego 

Do 

Do 


I  Inclu'jf 


S 
18 


Verde  Valley 11.44 

Lower  Lynx  Creek 17 

Salt  River  Valley 

Do 

Do 

Do 

Vuma 


7.5 
9.5 
7.5 
2-3 


Irrigation  season. 


Number   Depth  of      Total 
I  of  irriga- '  eacn  irri-  depth  for 
tions.    I  gatiou.  i  season. 


Summer 

do 

April  to  October 

March  to  August ... 
May  to  September . . 
March  to  October. . . 
April  to  September . 
June  to  September . 

Summer 

do 


March  to  September. . 
March  to  July;  also 

winter. 

Winter  and  spring 

March  to  December  . . 

Januar>  to  June 

All  the  year 

Twice      in      winter, 

monthly     rest     of 

year. 


1 
2-3 
3-5 
3-4 

3-6 
<>-8 
3-4 

4  I 

-^1 


Inches. 
6 
6 
2 
2 

1.5 
1.5 
1.66 

2 
3 


24 
Irregular. 

7  or  8 

10 

6 

Weeklv. 

10 


Inche». 

6 

12-18 

6-10 

6-8 

4.5-9 

9-12 

5-€.66 

12-16 

6-10 

9 


•Thorough  soaking.      «>  Use  all  water  that  can  be  caught  in  flood  reservoirs  on  a  foothill  ranch. 

« Undetermined. 

Summary  showing  irrigation  season  and  frei^uency  of  application  and  amounts  of  water 
used  for  citrus  fruits  in  California. 


County. 


Butte 

Fresno 

Tulare 

Do 

Do 

Santa  Barbara . . . 

Ventura 

Los  Angeles 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Orange 

Do 

Do 

Do 

Do 

Do 

Do 

San  Bernardino . 

Do 

Do 

Do 

Riverside 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

San  Diego 

Do 

Do 

Do 

Do 


Rain- 
fall. 


Irrigation  setison. 


IX' 


Number 
of  irriga- 
tions. 


Depth  of 
each  ap- 
plication. 


10 


-|- 


April  to  October 

do 

March  to  September. . 

April  to  October 

^March  to  October 

do 

do 

June  to  October 

May  to  October 

June  to  October 

July  to  September 

do 

do 

March  to  November.. 

do 

May  to  October 

July  to  October 

April  to  October 

May  t<.»  October 

May,  July,  September. 

May  to  October 

do 

....do 

When  needed 

March  to  December . . 

When  needed 

March  to  October 

June  to  October 

May  to  September 

April  to  DecemlMjr 

W  hen  needed 

do 

May  to  November 

April  to  September... 
April  to  November... 
April  to  Decemt)€r  ... 

May  to  Novem  ber 

May  to  Septeml)er.... 

May  to  October 

do 

do 

do 

June  to  October 


Total 

depth  for 

season. 


.1-6 

2-7 

6 

8-10 
5-7 
5-6 

3  ! 

G 

3 
3-1  1 
3-7  ' 


6 
3 
4 

4-8 
6-8 

8 

3-5  1 
8  I 

8  ! 

6-7 

4-6  I 
8 
8 

9  ; 


8  ' 
3-7  , 
4-S  ' 

4  , 

5 
4-8 
6-8 


Indies. 

4.5 

2 

2 

4 

6 

2 

2.6 
6-9 

3.5 

4 

1.5 

1 
.75-2 

L6 

2 

1.5 

1.5 

2.5 

2.75 

4 

2.5 

2 

4 

5 

4 

2 
.75-1.5 

4.5 

6 

2 

2 

1.5 

3 

1.66 

8 


2.5 


Inches. 

22-26 

4-14 

12 

20^2 

4»-60 

10-14 

12.5-15 

18-27 

21 

12 

4.5-€ 

3-7 

4.5-12 

10.5 

6 

9 

6 

17.5 
16.5 
12 
10 
8-16     ■ 
24-32 
40 
12-20 
16 
6-12 
24-31.5 
24-86 
16 
16 

13.5 
21 
10 
21 


24-«6 

10 

15 

a-16 

24-32 


Jigitized  byVjOOQlC 


37 

Obvioush"  in  irri^tion  practice  the  season  at  which  water  is  applied 
and  its  frequency  and  amount  are  all  conditioned  upon  local  rainfall, 
topography  and  soil,  atmospheric  conditions,  and  the  requirements 
of  the  plants  grown.  These  same  conditions  are  factors  in  determin- 
ing whether'  irrigation  is  in  any  case  desirable  at  all,  and  they  have 
been  already  quite  fully  discussed  (p.  10).  As  these  factors  are 
extremely  variable  within  the  same  geographical  area,  it  is  not  pos- 
sible to  secure  trustworthy  results  from  close  analysis  of  the  insuffi- 
cient data  presented  in  the  tables,  nor  are  generalizations  safe.  The 
tabulations  do,  however,  bear  out  ver}^  strongly  the  conclusions  pre- 
viously arrived  at  concerning  the  sufficienc}'  or  insufficiency  of  rain- 
fall (p.  17),  and  also  that  one  must  study  logically  all  natural  con- 
ditions in  earth,  air,  and  plant  in  determining  need  of  irrigation.  The 
same  is  obviously  true  also  of  the  present  data,  which  represent  but 
attempts  on  the  part  of  many  growers  to  measure  that  need.  There 
are  also  to  be  found  in  the  tables  pertinent  suggestions  of  the  ways  in 
which  water  is  used,  which  each  one  interested  can  study  from  his 
own  point  of  view. 

In  the  first  place,  the  table  gives  more  definite  form  to  the  distinction 
drawn  between  regions  partially  or  occasionally  irrigated  and  those 
regularly  irrigated  (p.  9).  Where  one  or  two  irrigations  onl}'  are 
mentioned  for  the  summer,  the  rainfall  usually  needs  only  a  small  addi- 
tion of  irrigation  water  to  suppl}'  the  full  moisture  needs  of  the  crop. 
The  depth  of  water  applied  for  the  season  varies  with  different  grow- 
ers and  in  different  regions,  according  to  local  conditions.  The 
extremes  for  total  depth  are  2.5  inches  and  60  inches.  The  larger 
amounts  are  used  in  the  lighter,  deeper  soils  and  in  the  regions  of 
greatest  heat  and  least  rainfall.  Where  a  single  irrigation  is  speci- 
fied as  being  given  in  the  winter,  it  is  to  directly  supplement  the 
rainfall  by  adding  more  water  during  the  rain}^  season,  the  object 
being  to  carry  the  trees  through  the  summer  without  irrigation  by 
means  of  thorough  and  clean  cultivation  for  moisture  conservation. 
It  is  interesting  to  note  that  those  practicing  winter  irrigation, 
although  widely  separated  geographically,  endeavor  to  apply  a  depth 
of  about  1  foot  of  water,  although  there  are  others  who  use  less. 
There  would  naturally  be  differences  as  to  the  amounts  the  different 
soils  would  absorb,  but  there  are  also  differences  in  the  supplies  avail- 
able in  the  winter  in  different  districts.  Where  water  is  most  abundant 
and  costs  least,  it  is  most  freely  used.  There  is  good  reason  to  doubt 
that  a  foot  of  water  at  one  application  is  actually  desirable  or  that 
there  are  soils  which  can  retain  it  within  reach  of  tree  roots. 

Where  the  number  of  irrigations  is  more  than  three,  it  ma}^  be  taken 
as  indicating  that  irrigation  is  considered  essential  to  the  satisfactory 
growth  of  even  deciduous  fruits,  and  that  legular  irrigation  is  the 
policy  of  the  growers.     This,  too,  is  supplementary  to  rainfall,  but, 
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owing  to  local  conditions  of  soil  and  climate,  the  minfall,  no  matter 
how  large  it  may  be,  can  not  be  relied  upon  to  carry  the  trees  through 
the  dry  season.  The  fact  is  that  the  soil  is  not  capable  either  of 
receiving  the  heavy  rainfall  or  of  long  retaining  such  portions  as 
actually  enter  it.  There  is,  then,  a  considerable  part  of  the  rainfall 
which  is  worse  than  worthless,  because  it  does  injury  by  soil  washing 
and  soil  leaching,  and  places  where  extremely  heavy  rainfall  occurs 
may  be  actually  worse  off  than  other  places  with  less  rainfall.  Th-a 
table  clearly  shows  that  some  localities  of  large  rainfall  also  lead  in 
amounts  of  water  supplied  b}^  irrigation.  The  converse  is  also  true, 
for  some  localities  of  light  rainfall  report  success  with  deciduous  fruit 
trees  with  a  minimum  amount  of  irrigation  water.  Without  making 
too  much  of  individual  reports,  because  of  the  chance  of  error  in  the 
conceptions  of  correspondents,  which  has  already  been  freely  admitted, 
there  appear  instances  enough  to  warrant  the  conclusion  that  the 
deciduous  fruit  tree  can  winter  successfully  with  a  small  moisture 
supply,  and  is,  in  fact,  in  less  danger  from  lack  than  from  oversupply 
at  this  time  of  the  year.  If  there  be  enough  moisture  to  prevent 
injury  from  evaporation,  either  during  high  tempemtures  at  the  South 
or  during  low  temperatures  at  the  North,  the  tree  will  stait  good 
growth  as  the  season  advances  and  continue  it  if  irrigation  is  given 
promptly  and  in  sufficient  quantity.  There  must  always  be  a  deter- 
mination of  what  is  an  adequate  supply  by  reference  to  local  condi- 
tions, but  as  an  estimate  of  necessary  rainfall  has  been  made  at  20 
inches,  it  is  evident  that  adequate  imgation  may  be  very  much  less 
than  that.  The  rainfall  of  20  inches  is  distributed  through  six  or 
seven  months.  Some  of  it  consists  of  light  rains,  with  long,  dry  inter- 
vals, where  there  is  slight  penetration  and  quick  evaporation.  Some 
of  it  is  lost  by  run  off  and  by  drainage.  It  is  not  surprising,  then, 
that  some  growers,  having  deep  valley  loams  to  render  their  irrigation 
effective,  report  success  with  deciduous  trees  with  8  or  10  inches  of 
water  applied  just  at  the  time  of  the  tree's  greatest  needs  and  used,  no 
doubt,  with  maximum  efficiency.  It  seems  to  be  a  warranted  deduc- 
tion, from  all  data  known  to  the  writer,  that  10  inches  of  water,  applied 
at  the  right  time  to  soils  of  good  depth  and  fair  retentiveness,  and 
accompanied  by  good  tillage  for  conservation,  is  an  adequate  supply 
for  five  months  of  growth  and  fruiting  even  when  the  rainfall  is  onlj- 
about  enough  to  prevent  drying  out  or  freezing  out  during  the  winter 
season.  Soriie  growers  report  use  of  less  than  this.  Certainly  less 
will  do  for  young  trees  under  favorable  conditions,  and  some  of  the 
least  amounts  are  reported  from  the  newly  planted  regions.  As  the 
trees  advance  in  age  and  bearing,  larger  amounts  will  be  required. 
The  instances  of  greatest  frequency  of  application  may  be  taken  as 
indicating  soils  lacking  retentiveness,  either  through  shallowness  or 
coarseness,  or  either  of  these  accompanied  by  extreme  summer  heat 
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and  aridity.  So  marked  arc  these  local  conditions  that  while  monthly 
use  of  water  is,  as  a  rule,  satisfactory  throughout  the  territory  included 
in  this  report,  there  are  places  where  water  is  used  twice  as  often,  and 
in  others  almost  weekly  applications  are  held  to  be  necessary.  There 
is  good  reason  to  think,  however,  that  although  local  conditions  may 
sometimes  make  such  frequency  necessary,  pi'actice  should  tend  toward 
less  frequency  and  greater  penetration  where  this  is  possible. 

The  last  table  is  an  interesting  showing  of  irrigation  practice  with 
citrus  fruits  in  California.  As  these  trees  are  evergreens,  and  as  their 
habit  is  to  make  their  chief  fruit  growth  in  the  autumn  after  the  work 
of  the  deciduous  tree  has  been  finished  for  the  season,  the  irrigation 
season  is  for  them  much  longer.  As  they  are,  in  fact,  almost  always 
active  and  sustaining  uninterrupted  evaporation  from  their  leaf  sur- 
faces, they  must  always  be  provided  with  moisture  or  ill  will  result  to 
tree  or  fruit.  They  thus  require  more  water  than  do  deciduous  trees. 
There  is  the  same  relation  between  irrigation  and  rainfall  with  citrus 
as  with  deciduous  fruit  trees,  but  the  degree  of  relation  is  different. 
Many  trials  have  shown  that  it  is  practically  impossible  to  grow  satis- 
factory citrus  fruits  without  irrigation.  There  is  no  combination  of 
heavy  rainfall,  or  winter  irrigation,  and  soil  retentiveness  which  will 
supply  the  summer  and  autumn  thirst  of  the  orange  or  lemon  in  Cali- 
fornia. Irrigation,  too,  must  be  maintained  both  summer  and  winter 
wherever  the  rainfall  is  not  well  distributed  and  adequate.  In  the 
chief  citrus  regions  of  the  State  rainfall  is  seldom  adequate  except 
during  January  and  February,  and  not  always  then.  Under  such 
conditions  an  estimate  of  the  average  requirements  of  citrus  fruit 
trees  in  bearing  would  be  about  20  inches  of  irrigation,  irrespective  of 
rainfall,  although,  as  the  table  shows,  there  are  localities  of  larger 
rainfall  and  more  retentive  soils  where  crops  of  these  fruits  can  be 
made  with  10  inches  used  just  at  the  right  time. 

There  are  many  other  considerations  involved  in  the  requirements 
of  different  fruit  trees  at  different  ages  and  at  different  seasons  of  the 
year,  which  have  been  discussed  in  a  previous  bulletin,*  to  which  the 
reader  is  again  referred.  The  superiority  of  fruit  grown  with  adequate 
moisture  and  the  danger  of  excessive  irrigation  are  also  considered  in 
that  publication.  It  should  be  added,  however,  that  the  experience  of 
the  Pacific  coast  clearly  shows  that  in  order  to  secure  fruit  of  high 
quality  and  marketable  size  there  nuist  be  followed  the  faithful  pur- 
suit of  approved  horticultural  methods  in  connection  with  adequate 
moisture.  Regular  pruning  to  promote  the  growth  of  strong  bearing 
wood  and  to  regulate  the  amount  of  it,  so  that  the  tree  shall  not  under- 
take too  great  a  task  for  its  capacity;  regular  thinning  of  fruit  to 
prevent  its  clustering  on  the  bearing  twigs,  so  that  satisfactory  size 
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can  not  be  attained,  and  regular  fertilization  when  the  tree  shows  that 
the  .strength  of  the  soil  is  decreasing,  are  all  arts  correlated  with 
irrigation  and  must  be  intelligently  pursued. 

METHODS  OF  APPLYING  IRRIGATION  WATER. 

In  the  Fanners'  Bulletin  above  referred  to  (No.  116)  a  general  dis- 
cussion is  given  of  irrigation  methods  and  their  relation  to  soil,  topog- 
raphy, available  water  supply,  etc.  In  this  bulletin  an  effort  will  lie 
made  to  present  more  fully  the  details  of  prevailing  practices  as  ascer- 
tained by  special  inquiry. 

The  inquiry  sho\vs  that  flooding — that  is,  the  free  flow  of  water  over 
the  whole  surface,  or  the  flow  between  rows  with  furrows  near  the 
trees  to  retain  the  water  in  the  interspaces — is  only  empWed  on  some 
flat  lands  where  winter  irrigation  is  used  to  supplement  rainfall  when 
the  latter  is  occasionally  below  normal.  In  such  cases  water  is  avail- 
able in  large  quantities,  and  the  lay  of  the  land  favors  quite  even 
distribution.  Even  under  these  conditions  the  experience  of  growers 
soon  leads  to  the  adoption  of  deep  furrows  or  lateral  ditches,  or  some 
simple  check  system,  as  superior  to  flooding.  Summer  flooding  is 
done  only  by  those  who  are  unacquainted  with  better  methods  or  who 
count  their  trees  of  too  little  account  to  warrant  extra  effort.  It 
seenLs,  therefore,  a  fair  conclusion  that  flooding  is  only  resorted  to  as 
a  temporary  expedient  and  has  little  standing. 

THE  CHECK  SYSTEM. 

With  soils  of  such  character  that  vertical  percolation  is  very  rapid, 
flooding  in  checks,  by  which  water  is  held  upon  a  particular  area  until 
it  sinks  below  the  surface,  is  considered  necessary.  There  is  a  tend- 
ency to  change  from  this  method  to  a  furrow  system  wherever  prac- 
tica])le,  because  the  former  requires  more  soil  shifting,  a  larger  head 
of  water  for  economical  operation,  more  lalxir  to  handle  it,  more  work- 
ing in  water  and  mud,  and  more  difficult  cultivation  to  relevel  the 
land  and  to  reduce  a  puddled  surface  to  satisf«ctoiT  tilth.  For  these 
and  other  reasons,  perhaps,  on  loams  of  medium  fineness  one  may  find 
tw'o  adjacent  growers  pursuing  different  methods,  while  on  coarse, 
porous  loams  the  check  system  prevails,  and  on  tine,  retentive  loams  the 
furrow  system  is  without  a  rival. 

The  check  system  can  be  seen  on  the  most  extensive  scale  in  the 
upper  part  of  the  San  Joaquin  Valley,  where  the  land  is  so  level  and 
the  water  so  abundant  that  the  checks  can  be  measured  by  acres  or 
fractions  of  acres.*  In  its  most  perfect  form  it  is  found  in  Orange 
County  and  some  parts  of  Los  Angeles  County,  where  the  checks  are 
measured  })v  feet,  rareU"  by  rods.  Ver}^  large  checks  are  chiefly  used 
for  field  crops,  although  also  employed  for  winter  irrigation  of  vine- 

■Ki)t.  on  Irrigation,  Senate  Ex.  Doc.  41,  52d  Cong.,  li?t  session,  Parti,  p.  'W. 
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Plate  II. 


Fig.  1.— The  "Ridger"  for  Levee  making  in  the 
Check  System. 


Fig.  2.— The  V-shaped  "Crowder"  and  Metal  Dams  or  "Tappoons." 
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yards  and  orchards  of  deciduous  fruits.  With  fruits,  however,  even 
in  the  same  district,  the  tendency  is  toward  using  smaller  checks  care- 
fully leveled  before  planting.  With  the  large-check  system  permanent 
levees,  either  in  rectangular  form  or  on  the  contour  plan,  are  gener- 
ally used.  The  small -check  S3^stem  is  chiefly  laid  off  with  temporary 
levees,  quickly  made  with  special  appliances  and  as  quickly  worked 
back  to  a  level  as  soon  as  the  ground  dries  sufficiently  after  irrigation, 
and  the  whole  surface  kept  well  cultivated  until  the  time  arrives  for  a 
restoration  of  the  levees  for  the  next  irrigation.  The  latter  is  the 
leading  horticultural  mode.  It  is  carefully  descril)ed  by  Mr.  Sydmer 
Ross,  of  Fullerton,  Omnge  County,  Cal.,  as  follows: 

The  check  system,  as  carried  out  in  the  best-handled  orchardn,  entails  uuich  hard 
work,  but  after  you  are  through  with  an  irrigation  you  know  that  each  and  every 
tree  haa  had  its  full  supply  of  water  or  you  know  the  reason  why.  The  ground  must 
be  cultivated,  say,  about  5  inches  deep,  so  as  to  have  plenty  of  loose  soil  with  which 
to  throw  up  a  high  ridge.  Then  a  four  or  six  horse  "ridger"  (PI.  II,  fig.  1)  should 
be  run  once  each  way  between  the  rows,  if  it  is  a  citrus  or  deciduous  orchard,  or 
twice  should  the  trees  l)e  walnuts,  because  these  trees  are  grown  about  40  feet  ai>art. 
After  this  is  done  the  ridger  should  be  run  entirely  around  the  outside  of  the  piece 
to  be  irrigated,  so  as  to  have  as  perfect  a  ridge  as  possible  on  the  outside.  One  man 
will  ridge  about  15  acres  in  a  day.  The  ridger  should  be  built  with  a  steel  plate 
extending  along  the  bottom  of  both  sides,  bolted  to  the  inside  and  projecting  about 
2  inches,  so  as  to  take  good  hold  of  the  ground.  Then  with  one  horse  attached  to 
what  is  locally  known  as  a  '  *  jump  scraper, "  one  side  of  the  checks  should  l)e  closed  up, 
for  the  ridger  in  making  the  cross  ridges  breaks  down  the  first  ridge  at  its  intersection. 
These  repairs  were  at  first  made  with  a  shovel,  but  the  jump  st^raper,  also  called 
locally  the  "horse  shovel,"  closes  up  the  gaps  very  quickly.  The  practice  generally 
followed  is  to  close  up  the  high  side  of  the  checks  if  the  land  does  not  cut  by  running 
water,  but  if  it  cuts,  close  up  the  lower  side.     ( PL  VII,  fig.  2. ) 

After  closing  up  the  checks  the  ditches  are  plowed  out  and  then  the  V-shaped 
**crowder"  is  run  twice  through  them.  (PI.  II,  fig.  2.)  On  lands  incline<i  to  cut  it 
is  advisable  that  the  length  of  the  rows  to  be  irrigated  should  not  be  over  250  feet, 
but  in  heavy  land  this  distance  can  be  considerably  increased,  if  necessary,  without 
danger  of  cutting  the  ridges  by  too  long  a  run  of  water. 

If  the  checks  have  been  closed  up  on  the  low  side  of  the  ridge,  it  is  better  to  run 
the  water  to  the  ends  of  the  ditch  and  water  the  last  row  first;  but  if  the  high  side 
has  been  closed  up,  it  is  best  to  water  first  the  row  nearest  the  gate  or  the  main 
ditch,  as  the  case  may  l)e,  as  in  each  instance  dr}*^  earth  will  thus  Ije  available,  if 
necessary,  to  close  up  the  checks.  The  water  is  nin  down  the  row  to  the  end  tree, 
and  as  soon  as  the  last  check  is  filled  it  is  closed  up,  and  so  on  till  all  are  filled  and 
closed,  when  the  water  is  turned  down  the  next  row. 

To  do  good  work  it  is  usual  to  allow  three  men  for  every  50  inches  of  water,  but 
in  our  own  practice  we  have  had  much  better  results  by  dividing  up  our  water  and 
running  from  35  to  40  inches  to  a  ditch  and  allowing  two  men  for  such  streams.  In 
doing  this  we  get  better  work  and  find  it  much  easier  for  the  men.  If  everything  is 
well  in  hand,  each  man  will  irrigate  about  30  acres  in  a  day. 

For  turning  the  water  from  the  ditches  into  the  checks  metal  dams  or  tappoons 
are  used.  PI.  II,  fig.  2,  shows  two  of  these,  one  of  which  has  a  gate  for  the  divi- 
sion of  the  water  when  the  stream  is  too  large  and  is  divided  and  two  rows  are 
watered  at  the  same  time.  The  gate  is  not  a  great  success,  as  the  water  is  apt  soon  to 
cut  its  way  under  the  tappoon,  but  it  may  be  much  improved  by  having  a  shelf  for 
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the  water  to  drop  on  after  it  passes  througli  the  opening.  The  common  practice  for 
dividing  water  is  to  throw  a  tappoon  partly  across  the  <litch,  putting  a  gunny  sack 
on  the  opposite  side  to  prevent  cutting  by  the  water.  This  is,  on  the  whole,  fully 
as  satisfactory  as  using  the  tappoon  with  a  gate. 

All  who  follow  this  system  should  get  ready  for  the  water  before  it  comes.  A  great 
many  seem  to  think  that  if  they  ridge  up  their  land,  close  up  tlie  checks,  and  plow 
out  their  ditches  everything  necessary  haa  l)een  done.  Such  is  not  the  ciuse,  as  ditches 
that  are  liable  to  cut  should  be  fixed  in  the  weak  places  with  brash  or  burlaps.  Old 
gunny  sacks  cut  open  and  spread  out  are  excellent  for  this  purpose.  Occasionally 
there  are  places  where  it  is  impossible  to  get  a  perfect  ridge.  These  shoul<i  be  looked 
up  and  fixed  with  the  shovel.  The  jump  scraper  will  not  entirely  close  up  a  check; 
it  generally  requires  a  shovelful  or  two  to  complete  it.  It  is  usual  after  the  water  is 
turned  down  one  row  to  fix  up  the  next  one,  but  it  is  an  excellent  plan  to  have  a 
few  rows  fixed  up  ahead,  for  there  come  times  when  breaks  occur  and  there  is  not 
time  to  make  the  necessary  repairs,  and  when  water  once  gets  the  start  there  is  apt 
to  be  much  trouble  and  hard  work  before  it  can  be  put  under  control,  besides  doing 
poor  work. 

After  the  ground  is  dry  enough  to  work,  the  ridges  are  split  with  a  listing  plow  or 
a  furrower  attached  to  a  cultivator.  Then  the  ground  should  be  run  over  with  a 
harrow,  setting  the  teeth  to  go  well  in,  so  afl  to  pulverize  the  surface  thoroughly.  By 
using  the  harrow  the  ground  can  be  worked  about  one  day  earlier  than  with  the 
cultivator,  and  it  also  prevents  the  ground  from  baking  till  such  time  as  it  can  l)e 
worked  with  the  latter  implement,  besides  doing  far  better  work  than  with  the  culti- 
vator alone,  especially  when  there  is  much  land  to  go  over,  as  some  of  it  is  certain 
to  get  too  dry  before  it  can  be  reached,  and  then  it  will  not  pulverize  well.  All  trees 
should  be  worked  around  by  hand  with  either  a  fork  or  hoe  &s  soon  after  irrigation 
as  the  ground  becomes  dry  enough  and  before  it  Ixjcomes  hard. 

SPECIFICATIONS   VOR    HOMEMADE    IMPLEMENTS   FOR  THE  CHECK  SYSTEM. 

The  following  implements,  used  in  preparing  the  ground  for  irriga- 
tion by  the  check  system,  were  made  on  the  fruit  ranch  of  J.  B.  NeflF, 
Anaheim,  Cal.,  with  the  tools  ordinarily  found  on  a  ranch  and  with 
but  little  help  from  the  blacksmith: 

The  r!d(/e/\—This  has  sides  of  2  })y  16  inch  pine  7  feet  long,  stand- 
ing IS  inches  apart  at  the  rear  and  5  feet  apart  at  the  front  end.  The 
sides  may  be  made  of  two  2  by  8  inch  pieces  with  2  by  3  inch  l>attens 
bolted  on  securel3^  The  front  crossbar  is  of  2  by  4  inch  pine  6  feet 
2  inches  long  and  is  set  20  inches  from  the  end.  The  rear  crossbar  is 
of  2  by  4  inch  pine  4  feet  4  inches  long.  It  is  set  7  inches  from  the 
end  of  the  sides.  The  diagonal  bmces  are  1  by  3  inch  pine  6  feet  10 
inches  long.  The  short  side  braces  are  2  by  3  inch  pine  15  inches 
long.  The  lower  inside  edge  should  be  protected  by  a  strip  of  steel  or 
iron  ^  by  2  inches  extending  to  and  around  the  front  ends,  which 
should  be  beveled  to  a  sharp  edge.  The  inside  should  also  be  lined 
with  sheet  iron  6  or  8  inches  above  the  k  by  2  inch  piece,  and  should, 
have  sheet  iron  pieces  extending  16  inches  beyond  the  rear  end  of  the 
sides,  tapered  and  braced  in  the  manner  shown  in  the  cut  for  the  pur- 
pose of  making  the  ridger  firmer  at  the  top.  Every  part  of  the  ridger 
should  ])e  firmly  bolted  with  f-inch  bolts,  except  the  h  by  2  inch  iron. 


Digitized  by  VjOOQIC 


U.  S.  Dept.  of  Agr.,  Bui.  108.  Office  of  Expt.  Stations.     lrr*({ation  InvestiRations 


Plate  III. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


U.  S.  Dept.  of  Agr.,  Bui.  108,  Office  of  Expt.  Stations.     Irrigation  Investigations. 


Plate  IV. 


o 

X 


CP 


> 


O 
o 

X 

> 
o 


z 


O 

37 


O 

O 

o 

c 


O 

> 


> 


g 

< 


Digitized  byCjOOQlC 


Digitized  by  VjOOQIC 


43 

which  should  have  -r\-ineh  bolts,  and  the  sheet  iron,  which  may  be  put 
on  with  nails.  The  hooks  on  sides  for  hitching  draft  chain  are  |  by  1^ 
inches,  and  the  draft  chain  is  f-inch  cable  chain.  (Fig.  1;  PI.  II,  fig.  1; 
PI.  V,  fig.  2.) 

The  V'shaped  crovxltr  or  ditcher. — This  has  sides  of  2  by  12  inch 
pine  and  cross  brace  of  2  by  9  inch  pine.  The  long  side  is  7  feet  8 
inches  long  and  short  side  3  feet  6  inches  long.     This  is  also  protected 


FlQ.  1.— "Rldgrer"  for  levee  making  in  the  check  system  of  irrigating  trees  and  vines. 

by  a  piece  of  steel  or  iron  extending  entirely  around  the  ditcher  and 
bolted  with  ^^g^-inch  bolts.  The  sides  come  together  in  a  point  and  stand 
at  an  angle  of  45  degrees.  The  bra^^e  is  placed  2  feet  10  inches  from 
the  point  on  short  side  and  3  feet  10  inches  from  the  point  on  long  side. 
It  also  has  two  handles,  as  shown  in  cut,  3  feet  long.  These  are  made 
of  2  by  3  inch  pine  reduced  so  as  to  hold  conveniently.     The  sloping 


¥ui.  2.— "Crowder"  used  in  the  preparation  for  distribution  of  water  in  the  chei^k  system. 

handle  is  lK)lted  to  the  short  side.  When  in  use  this  implement  stands 
with  the  short  side  elevated  at  an  angle  of  about  35  degrees,  and  a  floor 
is  placed  in  the  triangular  space  so  that  it  will  ])e  level  when  in  use. 
An  ordinary  wide  clevis  is  used  for  the  draft  and  is  placed  as  shown  in 
the  cut.  A  vertical  hole  may  be  made  in  front  of  the  clevis  pin  and  a 
small  rod  driven  in  to  strengthen  the  hold  of  the  clevis.  (Fig.  2; 
PI.  II,  fig.  2.) 

The  jumj)  Hcraper  or  horm  nhorel , — This  is  used  for  filling  gaps  in  the 
ridges  and  is  the  work  of  the  blacksmith.     The  beams  are  \  by  li 
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inches  and  30  inches  long  from  draft  ring  to  the  bend  downward. 
The  shovel  is  of  No.  16  sheet  iron  24  inches  long  by  18  inches  deep. 
The  handles  are  those  used  on  any  cultivator.  The  beams  are  bent  to 
stand  6  inches  forward  of  a  square  placed  on  top  of  the  beams.  The 
braces  are  of  f-inch  round  iron.  The  shovel  is  slightly  cupped  to 
make  it  hold  more  earth.     (Fig.  3.) 

The  portable  gate  or  tappoon. — These  are  for  shutting  ditches,  and  are 
made  of  No.  16  sheet  iron  2  feet  wide  and  of  any  desired  length,  but 
usually  3  feet,  4  feet,  or  5  feet  long.  The  corners  are  cut  oflF  to  a 
circle  starting  about  1  foot  back  of  the  corner.  The  handles  are 
made  of  two  pieces  of  1  by  3  inch  pine  12  inches  longer  than  the  gate, 


Fig.  3.— "Jump  scraper"  used  to  complete  levees  made  by  the  "  ridger"  for  the  check  system. 

and  are  placed  one  on  each  side  of  the  sheet  iron  and  secured  by  i-inch 
bolts.     (PL  II,  fig.  2.) 

DOUBLE   CHECKING,    BASINING,    ETC. 

Pouble  checking,  where  the  rapid  slope  demands  small  inclosures, 
and  basining,  by  which  water  is  inclosed  in  small  places  near  the  trees 
and  not  spread  upon  the  whole  area,  are  both  sufficiently  described  in 
Farmers'  Bulletin  No.  116,  and  their  adaptations  to  exceptional  condi- 
tions of  soil  topography  and  water  supply  are  there  indicated. 

THE  COMBINED  CHECK  AND  FUBBOW  METHOD. 

An  effort  to  escape  in  some  measure  the  puddling  of  the  surface 
which  results  from  allowing  water  to  sink  away  upon  finely  pulver- 
ized soil  lies  in  the  direction  of  breaking  up  the  soil  roughh'  in  the 
bottoms  of  the  checks,  which  facilitates  the  quick  passage  of  the  water 
into  the  subsoil.  This  is  done  by  running  a  small  plow  or  three  large 
cultivator  teeth  attached  to  a  single  frame  before  the  ridger  is  used  to 
form  the  levees.     Mr.  A.  D.  Bishop,  of  Orange  Count}^,  Cal.,  uses  a 
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Fig.  1.— Furrower  at  Work  in  Orange  Orchard  of  A.  D.  Bishop. 


Fig.  2.— Use  of  Homemade  Ridqer,  Orange  Orchard  of  A.  D.  Bishop, 
Orange  County,  Cal. 
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combined  furrow  and  check  system  as  shown  in  the  accompanying 
diagram  (fig.  4.)  He  furrows  the  land  first  with  a  three-tooth  fur- 
rower  (Pi.  V,  fig.  1)  at  right  angles  to  the  direction  in  which  the  water 
is  to  flow  and  then  uses  the  ridger  (PI.  V,  fig.  2)  to  make  levees  in  line 
with  the  water,  laying  out  the  work  so  as  to  get  the  closest  approxi- 
mation to  a  level.  When  the  levees  are  made,  the  jump  scraper  is 
used  and  the  end  of  each  third  or  fourth  furrow  bank  is  connected 
with  the  levees  at  alternating  sides  of  the  check  made  by  the  levees. 
This  causes  the  water  to  flow  through  the  furrows  from  side  to  side 
and  distribute  itself  evenly  over  the  whole  ground.  The  number  of 
furrows  which  can  be  passed  before  connecting  with  the  bank  depends 
upon  the  slope  of  the  land — the  nearer  level  the  land  the  greater  the 


FUi.  4.— Combined  check  and  furrow  irrigation. 

distance  that  can  be  left  between  the  connections  and  vice  versa.  In 
this  way  the  water  is  taken  slowly  down  a  grade  where  it  would  flow 
too  rapidly  were  it  admitted  to  furrows  in  the  direction  of  its  flow. 

Another  combination  of  the  check  and  furrow  system  U  found  where 
the  lowest  spaces  of  a  slope  irrigated  by  furrows  are  laid  off  in  checks 
to  catch  the  overflow  from  the  furrows  and  compel  its  percolation  at 
a  point  which  would  otherwise  receive  too  little  water.  The  parts  of 
a  furrow  system  which  lie  farthest  from  the  source  of  supply  are 
obviously  least  supplied,  because  long  flow  can  not  be  maintained  there 
without  much  loss  from  overflow.  Holding  the  water  in  checks  at 
the  lower  end — usually  for  two  rows  of  trees — is  quite  a  help  toward 
even  distribution. 
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THE  FUBBOW  STSTEM. 

The  furrow  system  is  the  prevailing  method  of  irrigating  fruit  lands 
in  all  parts  of  the  Pacific  coast.  It  is  almost  the  only  method  indicated 
b}'  correspondents  in  the  -newer  regions  of  Idaho  and  eastern  Wash- 
ington. Possibly  there,  as  in  California,  there  are  some  soils  which 
could  be  better  handled  with  less  water  by  the  check  system,  but 
economy  of  water  is  of  less  account  at  the  North  at  present,  and  dis- 
tribution by  furrows  over  quite  porous  soils  is  accomplished  by  using 
larger  flows  for  a  short  time.  It  is,  therefore,  to  be  expected  that  as 
settlement  progresses  there  may  be,  before  long,  recourse  to  the  check 
system  in  those  places  to  which  it  is  suited.  The  furrow  system  has, 
however,  a  very  marked  theoretical  advantage  in  the  escape  from  sat- 
urating the  surface  soil,  which  has  to  dry  out  again  before  it  can  be 
cultivated,  and  is  only  with  difficulty  reduced  to  fine  tilth  after  such 
puddling.  Another  advantage  is  in  saving  the  water  used  in  moist- 
ening soil  which  has  to  be  dried  by  evaporation.  Other  theoret- 
ical advantages  lie  in  the  even  distribution  of  the  water  with  the  least 
displacement  of  the  soil  and  the  introduction  of  the  water  to  the  sub- 
soil, where  deep-rooting  plants  should  derive  their  chief  sustenance. 
It  is  becoming  quite  clear  that  all  these  theoretical  advantages  have 
not  been  realized  by  the  furrow  system  as  generally  practiced,  and  a 
number  of  modifications  are  now  being  introduced  which  promise 
their  fuller  realization.  The  scientific  principles  involved  are  also 
becoming  better  understood  through  investigation.*  (PI.  IX,  fig.  2.) 
The  changes  now  taking  place  tend  toward  reducing  the  difference 
between  what  was  formerly  clearly  differentiable  as  the  *' large-fur- 
row" and  the  ''small-furrow"  methods,  because  the  improvement  lies 
chiefly  in  introducing  the  water  more  deeply  in  the  soil,  as  will  be 
shown  later,  and  this  is  done  by  using  fewer  and  deeper  furrows. 
Still,  the  terms  are  useful.     (PI.  VIII,  fig.  2.) 

IRRIGATING  BY   LARGE   FURROWS. 

Where  one  to  four  furrows  are  used,  these  are  large  furrows,  while 
the  small-furrow  system  uses  from  five  to  eight  or  more  between  two 
rows  of  trees.  Large  furrows  are  made  witH  the  double-moldboard 
plow,  or  with  a  single  plow  followed  by  the  ''crowder,"  or  by  plowing 
out  dead  furrows  between  the  rows,  etc.  Their  number  depends  upon 
the  size  of  the  trees  and  the  fitness  of  the  soil  for  lateral  seepage. 
The}'  are  wide  enough  and  deep  enough  to  carry  or  hold  a  large  stream 
of  water,  as  shown  by  PI.  IX,  fig.  3.  This  illustration  also  shows 
a  method  used  chiefly  for  winter  irrigation  on  land  which  is  so  nearl3' 
level  that  the  water  will  flow  slowly  into  the  furrows  and  stand  there 
until  it  disappears  by  percolation.  It  is  also  used  where  one  or  two 
summer  irrigations  are  all  that  are  required  to  carry  the  trees  through. 

"  California  Sta.  Rpt.  1897-98,  pp.  40-96. 
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Fig.  1.— Continuous  Cement  Flume  with  Weirs  to  raise  Water  to  Outlet 

Tubes. 


Fig.  2.— Starting  with  the  "Jump  Scraper"  to  close  a  Row  of  Gaps. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


U.  S.  Oept.  of  Agr.,  Bui.  108,  Office  of  Expt.  Stations.     Irrigation  Investigations. 


Plate  VIII. 


Fig.  1.— Aqueduct  Beneath  a  Highway  from  a  Main  Ditch  to  Flume  Supplying 

A  Vineyard. 


Fig.  2.—'*  Large-furrow  "  Irrigation  of  Vineyard  from  Lateral,  following  a 

Contour  Line.  f^  t 
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Plate  IX. 


Fig.  1.— Newer  System  of  Furrow  Irrigation  at  Riverside,  Cal. 


Fig.  2.— Board  Flume  and  Furrow  Irrigation  at 
Fullerton,  Cal. 


Fig.  3.— Irrigation  of  Olive  Trees  by  large  Furrows  near  Pomona,  Cal. 
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It  is  obviously  adapted  only  to  flat  land  or  to  land  of  uniform  gi-ade. 
Irrigation  by  a  single  furrow  cut  near  to  the  row  of  trees  is  a  widely 
prevalent  method  with  young  trees.  When  the  trees  are  larger,  or 
when  intercultures  are  undertaken,  the  large  fuiTows  are  multiplied. 
In  this  case  the  water  is  admitted  to  the  furrows  from  a  board  flume. 
Liarge  furrows  are  often  used  in  a  bearing  orchard,  the  furrows  being 
filled  from  a  lateral  ditch,  this  lateral  being  parallel  to  the  main  ditch. 
In  this  case  the  board  dam  is  used  to  divert  the  lateral  into  one  large 
furrow  after  another,  and  when  the  furrow  is  filled  dirt  is  thrown  in 
to  prevent  the  reflow  of  the  water  into  the  lateral.  The  use  of  large 
furrows  on  sloping  land  is  shown  in  PI.  IX,  fig.  2,  where  the  lateral 
follows  a  contour  line  and  water  is  taken  out  on  each  side. 
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Fig.  6.—  '  Large  furrow"  irrigation  of  orange  trees  at  Palermo,  Butte  County,  Cal. 

The  great  variety  in  large  furrow  practice  is  suggested  in  the  fore- 
going. A  systematic  manner  of  proceeding  is  that  of  Mr.  A.  Trost,  of 
Palermo,  Cal.,  as  described  by  himself: 

The  soil  is  red,  gravelly  clay,  the  upper  12  inches  without  rocks;  below  this  the 
gravel  is  more  rocky.  At  the  depth  of  3  or  4  feet  the  red  clay  changes  into  a  whitish 
one  and  water  enters  it  very  slowly.  My  orchard  is  12  acres — 1,120  feet  long  from 
north  to  south  and  510  feet  from  east  to  west.  The  northeast  comer  is  the  highest. 
Hero  the  water  ditch  enters,  and  I  run  ray  head  ditch  along  the  east  side  from  north 
to  south.  There  are  51  rows  of  trees  in  that  direction,  the  north  and  south  outside 
rows  being  olives.  There  are  23  orange  trees  in  the  row  from  east  to  west  and  1  olive 
tree  on  the  west  end.  All  trees  are  20  feet  apart.  I  use  24  miner's  inches  per  day  for  5 
days  in  the  following  manner:  I  use  4  furrows  a)K)Ut  5  or  6  inches  deep  and  about 
3  feet  apart  between  rows,  leaving  the  furrows  nearest  the  trees  from  5  to  6  feet  from 
the  trunks  (fig.  5).  The  4  lower  rows  on  the  west  side  I  cross  furrow  with  2  furrows 
l>etween  the  trees.     I  divide  the  24  inche.-*  into  51  e(]ual  streamlets  by  using  one  gate 
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for  each  4  rows.  First  turn  this  amount  in  the  furrow  soutli  nearest  to  tree.  When 
the  water  has  moved  to  the  olive  tree,  I  divide  the  water  between  the  4  furrows  for 
the  lower  6  trees  and  through  the  cross  furrows.  The  next  morning  I  diWde  the 
water  at  the  tenth  tree  for  the  4  furrows.  On  the  third  day  I  let  only  one-half  the 
water  go  down  in  the  furrow  south  of  tree,  the  other  in  the  one  north  nearest  to  tree. 
On  the  fourth  day  I  turn  part  of  it  in  the  middle  [furrows  near  the  head  ditch,  and 
by  the  fifth  day  I  have  my  place  equally  wet  from  one  end  to  the  other,  taking  care 
that  the  top  soil  near  the  trunks  of  trees  remains  dry  on  the  surface.  I  keep  the  soil 
around  the  trunks  of  the  trees  about  2  inches  higher  for  a  width  of  3  feet.  In  this 
way  I  use  all  the  water  without  running  any  off,  and  lose  only  the  evaporation.  The 
whole  amount  of  water  used  is  120  inches,  equal  to  10  inches  or  130,000  gallons  per 
acre,  or  4.5  acre-inches  or  1,200  gallons  per  tree. 

I  irrigate  about  every  four  weeks,  running  the  water  five  days  and  turning  it  on 
again  three  weeks  after  it  is  taken  off.  I  have  irrigated  as  early  as  the  1st  of  April 
and  as  late  as  the  middle  of  October,  depending  on  late  rains  in  spring  and  early 
rains  in  fall;  usually  from  five  to  six  irrigations  per  year.  After  four  or  ^xe  days 
I  cultivate  14  feet  wide  between  the  trees  from  6  to  8  inches  deep;  for  this  I  use  a 
7-foot  cultivator  and  four  horses.  Near  the  trunk  of  the  tree  I  work  about  2  inches 
deep  and  a  little  farther  away  4  inches  deep,  using  the  three-cornered  orchard  plow 
with  a  cultivator  4  feet  wide  and  two  horses. 

IRRIGATING   BY   LARGE   FURROWS  WITHOUT  SUM    ER  CULTIVATION. 

An  exception  to  the  continuous  cultivation  of  orchard  ground  which 
is  prevalent  in  the  irrigated  regions  of  the  Pacific  coast  is  found  in 
the  foothills  of  the  Sierra  Nevada  in  California,  where  fuiTows  are 
made  at  the  beginning  of  each  irrigating  season  and  used  continuously 
during  that  summer.  The  ensuing  winter  plowing  and  early  spring 
cultivation  are  relied  upon  to  keep  the  soil  in  good  condition.  Although 
this  constitutes  an  exception  and  the  pmctice  is  widely  followed  for 
what  seems  to  the  growers  of  the  region  to  be  good  and  sufficient  rea- 
son, it  does  not  militate  against  the  truth  of  the  continuous  summer 
cultivation  policy  which  elsewhere  prevails,  nor  does  it  follow  that 
this  policy  would  not  be  better  in  some  respects  even  in  the  region 
where  it  is  abandoned.  It  is  a  district  of  very  large  water  supply, 
and  the  arrangements  of  the  water  company  are  such  that  the  grower 
must  pay  for  a  certain  number  of  inches  of  water  by  the  year  and  is 
entitled  to  this  amount  of  continuous  flow.  He  has  to  use  it  or  neg- 
lect it  ajs  it  flows,  and  can  not  get  more  at  one  time  by  not  using  it  at 
another.  For  this  reason  he  has  not  the  motive  for  close  observation 
which  prevails  under  other  cojiditions,  and  to  escape  the  cost  of  sum- 
mer cultivation  and  fresh  furrowing  out  he  has  recourse  to  frequent 
flows  in  the  old  furrows.  The  following  interesting  account  of  the 
prevailing  method  wis  prepared  by  Mr.  W.  R.  Fountain,  of  New- 
castle, Cal. 

Water  is  suppHed  almost  exclusively  by  one  company,  which  has  met  requirements 
up  to  date  and  seems  fixed  to  supply  in  excess  of  demand.  It  is  supplied  by  the 
miner's  inch;  price  $45  per  inch  per  season  for  a  constant  supply.  The  inch  is 
measured  under  6-inch  pressure. 
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Beginning  May  1,  five  months  is  called  the  irrigating  season,  but  the  purchaser  ca  i 
have  the  water  twelve  months  per  annum  if  he  wants  it.  The  water  company 
collects  monthly.  The  purchaser  can  not  start  the  season  with  little  and  increase  at 
pleasure,  except  upon  payment  for  the  full  season  on  the  basis  of  the  lai^gest  amount 
used  at  any  time. 

With  this  constant  supply  we  use  it  constantly,  piping  to  high  points  and  moving 
it  from  place  to  place.  When  no  fruit  is  ripening  it  is  attempted  to  water  a  block  of 
trees  in  twenty-four  hours.  The  water  is  not  checked  back,  but  is  run  in  ditches, 
mostly  in  one,  but  occasionally  in  two,  along  each  row  of  trees  or  vines.  When  a 
variety  of  fruit  is  ripening  more  water  is  given  the  trees,  while  after  a  variety  is 
picked  and  before  any  other  is  nearly  ripe  the  effort  is  made  to  water  each  tree  every 
ten  or  twelve  days.  Level  land  and  low  spots  stand  a  good  chance,  ap  a  rule,  to  get  too 
much  water,  and  a  larger  stream  is  used  per  row  to  force  the  water  through  quickly. 
Then  it  is  taken  off  in  a  shorter  time  than  it  would  be  where  the  trees  are  on  a  side- 
hill  and  have  good  drainage. 

About  1  inch  for  each  8  acres  is  generally  used.  This  is  for  deciduous  fruits.  The 
citrus  fruits  and  berries  require  watering  about  once  a  week;  if  there  is  good  drain- 
age they  would  prosper  if  watered  ever>'  three  days.  In  such  ground  I  have  not 
heard  of  their  getting  either  too  much  water  or  too  much  fertilizer.  The  geneial 
practice  is  to  plow,  cross  plow,  and  then  after  each  rain  cultivate,  with  no  cultiva- 
tion wliatever  after  beginning  the  use  of  water.  I  think  an  occasional  cultivation 
after  watering  would  help. 

There  is  a  tendency  for  the  ditches  to  become  packed  after  water  has  been  flowing 
through  them  for  some  time,  in  which  case  but  little  water  soaks  into  the  ground. 
W^hen  this  occurs,  I  dig  a  pot-hole  in  the  ditch  to  allow  the  wAter  to  soak  in,  or  else 
loosen  the  ground  about  the  trees  with  a  spade  and  carry  the  ditch  through  this 
loosened  ground.  I  block  out  my  ditches  so  that  I  can  get  my  stream  through  to 
the  last  tree  in  about  sixteen  hours.  Where  the  water  has  not  reached  the  end 
of  some  of  the  ditches,  I  turn  the  water  into  it  from  a  stream  that  is  flush,  and  by 
keeping  a  man  with  a  hoe  constantly  with  the  water,  I  manage  to  get  it  over  the 
field  at  about  4  p.  m.  I  wet  about  350  trees  in  a  block  on  hillsides;  on  a  flat  I  wet 
less,  using  more  water  in  each  stream,  and  changing  it  about  every  twelve  hours 
nstead  of  every  twenty-four  hours.     My  trees  grow  about  130  to  an  acre. 

SYSTEMATIC   DISTRIBUTION   OF  WATER  ON   HILLSIDES. 

The  common  method  of  carrying  water  in  pipes  to  the  various  high 
points  of  several  slopes  or  "irrigation  faces"  from  which  it  can  be 
admitted  to  large  furrows  crossing  or  descending  those  faces  is  open 
to  some  difficulties  and  disarmngements.  P.  W.  Butler,  of  Penrj^n, 
Oal.,  has  had  in  successful  operation  for  several  years  a  system  of 
zigzag  ditches  for  carrying  and  distributing  and  for  catching  outflow 
and  redistributing  on  a  lower  face.  This  is  also  a  system  which  makes 
ditches  and  furrows  but  once  a  year  and  dispenses  with  summer  cul- 
tivation. Mr.  Butler's  account,  as  illustrated  by  the  accompanying 
diagrams,  is  as  follows: 

The  amount  of  water  generally  used  in  this  section  for  the  irrigation  of  deciduous 
fruit  trees  is  1  inch  to  5  acres  of  orchard  (miner's  inch  under  6-inch  pressure),  and 
is  applied  to  each  row  of  trees  by  one  stream  of  water  of  sufficient  quantity  to  just 
reach  the  end  of  the  row.  Much  of  the  water  is  thus  wasted  because  of  inability  to 
properly  adjust  its  distribution.     It  is  usually  run  twenty-four  hours,  then  changed  to 
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other  partes  of  the  orcliarcl  until  tlie  wliole  is  covered,  which  take?  about  three  weeks' 
time,  when  the  procens  is  repeate<l,  continuing  throuj^hout  the  HUinnier,  or  from  May  1 
until  Octol)er  1.  There  is  no  cultivation  in  the  meantime,  and  at  ea<'h  irrigation  the 
water  ij^  run  in  the  same  ditches.  This  system  is  followed  in  nearly  all  the  orchards 
of  Penryn  and  vicinity,  some  on  quite  steep  hillsides,  which  suffer  when  the  water 
is  thus  applie<l.  I  have  never  liked  this  metho<l,  and  for  many  years  have  used  a 
different  system  in  irrigating  all  orchards  over  which  I  have  had  control.  In  my 
home  orchard  I  have  a  reservoir  on  the  highest  land,  from  which  water  can  be  con- 
veyed as  desired  to  every  part.  My  ditches  are  run  on  a  grade  with  a  fall  from  2  to  8 
inches  to  the  rod  and  from  5  to  8  feet  apart.  At  eai^h  irrigation  the  water  is  run 
about  thirty-six  hours  l)efon»  changing.  The  round  of  the  orchard  is  made  in  ten  to 
fourteen  days.  None  of  my  small  ditches  exceeds  400  feet  in  length.  When  I  l>egin 
to  irrigate  a  section  I  turn  on  from  the  reservoir  water  sufficient  to  cover  that  section 
in  a  few  hours,  then  lessen  it  until  it  just  reaches  the  end  of  each  row,  but  see  that  it 
reaches  the  end  of  each  row  even  if  a  little  surplus  passes  over.  This  surplus  I  take 
up  in  a  main  ditch,  to  !)e  again  useil  on  lower  ground.     This  is  continueil  until  the 
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NEARLY   LiVEL 

Fig.  (i.— "  I^arge  furrow"  system  on  hillsides,  with  v.\^7a^  ditches  for  distribution,  eatehmenl.  and 

redistribution. 

lowest  part  of  the  orchard  is  reache<l,  and  very  little  water  is  ever  wasted.  By  run- 
ning on  a  grade  that  is  so  nearly  level  the  water  is  applitMl  unifonnly,  even  on  the 
driest  parts  of  the  hill  sIojhjs.  I  run  the  main  distributing  <litches  in  a  zigzag  man- 
ner, taking  water  from  these  ditches  to  cover  the  lower  sections.  I  foniierly  used 
pil^es  to  lead  the  water  down  the  steepest  grades,  but  this  system  I  have  abandoned 
and  now  use  open  zigzag  ditcht^  for  mains  (fig.  6).  From  the  main  zigzag  ditches  I 
do  not  take  the  water  at  the  turning  point,  as  there  is  more  liability  of  breakage  than 
if  taken  when  ninning  straight,  or  at  whatever  [Kiint  is  necessary  to  keej)  the  dis- 
tributing ditches  on  an  average  of  8  feet  apart.  The  length  of  the  zigzag  ditches  varies 
according  to  the  slope  of  the  hillside.  AVhen  steep,  the  ditch,  })efore  turning,  must  be 
of  greater  length  than  where  the  ground  is  more  level.  (See  diagram.)  I  ustMio 
gates,  but  bush  the  openings  witli  coarse  swale  hay.  I  also  Imsh  the  turning  points 
of  diti'hes,  as  they  are  in  i)ermanent  use  throughout  the  season,  and  after  the  first 
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few  (lays'  use  rec]uire  but  little  care  to  keep  them  in  order.     These  ditchesi  are  torn 
up  during  the  season  of  cultivation  and  have  to  be  renewed  every  year. 

I  u^e  a  level  set  on  a  frame  8.25*feet  long  and  about  2.5  feet  high  (one  leg  longer 
than  the  other)  to  make  any  grade  desired  (fig.  7).  This  I  drag  its  length  on  the 
ground  after  getting  the  level,  and  ran  mark  the  line  of  ditch  nearly  half  as  fast  as  a 
man  can  walk. 


Fiu.  7.- 


-Handy  level  for  lfK»ting  lnrj?e  furrows  in 
*  hillside  irrigation. 


During  the  last  ten  years  I  have  used  many  thousand  feet  of  pipe  in  irrigating,  but 
have  found  it  too  expensive  to  be  practicable,  and  it  frequently  gets  clogged,  causing 
much  trouble.  The  zigzag  method  of  taking  the  water  down  hills  on  the  drj-  ridges, 
distributing  to  right  and  left,  picking  it  up  again  in  zigzag  ditches  at  the  end  of  the 
rows  or  system,  to  be  used  again  on  lower  ground,  brings  into  use  the  largest  i^uan- 
titv  where  it  is  most  needed  and  utilizes  it  all  without  waste. 


IRRIGATING    BY    SMALL    FURROWS. 

It  has  already  been  suggested  that  recently  the  small  furrow  method 
of  irrigation  is  undergoing  eertain  modifications.  The  occasion  for 
the  change  is  that  in  certain  of  the  heavier  soils,  particularly,  the  use 
of  water  in  man}"  shallow  furrows  followed  by  cultivation  results  in 
the  formation  of  a  compact  layer,  and  this  prevents  the  percolation  of 
the  water  into  the  sub.soil.  This  discovery  led  many  Southern  growers 
to  resort  to  fewer  and  deeper  furrows  and  to  new  devices  to  enable 
the  tree  to  get  the  benefit  of  the  water.  There  has  been  wide  use  of 
the  subsoil  plow,  with  a  wedge-shaped  foot  attached  to  a  slim  standard 
rising  to  the  ordinary  beam.  The  standard  opposes  its  thin  edge  to 
the  soil  so  as  to  cleave  it  with  the  least  difficulty,  and  the  foot,  passing 
through  or  })eneath  the  hardpan,  lifts  and  breaks  it.  The  result  of 
the  subsoiling  is  to  open  a  way  for  the  water  to  sink  and  spread  }>elow 
the  hardpan.  It  is  usual  to  run  this  plow  once  through  the  center 
of  the  interspa<*e  between  the  rows  of  trees,  sometimes  at  right  angles 
to  the  irrigation  furrows.  When  this  is  done  the  water  is  admitted  to 
the  furrows  as  usual,  but  instead  of  flowing  along  smoothly  it  drops 
into  the  ti-ack  of  the  subsoiler  and  runs  there  a  long  time  before 
rising  again  to  continue  its  course  down  the  furrow.  It  is  the  expe- 
rience of  some  growers  that  the  water  has  taken  five  or  six  days  to 
reach  the  lower  end  of  the  furrows,  a  distance  which  would  have  been 
covered  in  twenty -four  hours  if  the  subsoiler  had  not  intervened.  This 
has  been  slu)wn  to  result  in  much  water  for  the  .su})soil  and  a  notjible 
invigoration  of  tiees  which  had  been  famishing,  although  shallow- 
furrow  irrigation  had  proceeded  regularly. 
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Recent  changes  in  the  furrow  method  at  Riverside,  Cal.,  are  de- 
scribed by  Mr.  J.  H.  Reed  as  follows: 

The  handling  of  the  water  in  the  orchard  has  materially  changed  in  recent  years. 
Instead  of  flooding  up,  basining,  or  using  shallow  farrows,  deep  furrows,  from  3  to  5 
feet  apart,  are  most  generally  used.  In  heavy  adobe  soils  more  furrows  are  used 
than  in  the  more  porous  granite  soils.  The  most  usual  length  of  furrows  is  40  rods. 
Every  pecaution  is  taken  to  have  the  surface  wetted  as  little  as  possible. 

The  amount  of  water  run  at  a  time  is  materially  lessened.  Formerly  the  common 
practice  was  to  run  3  inches  per  acre  for  twenty-four  hours  each  thirty  days.  Now,  2 
inches  continuous  run  for  seventy- two  hours  is  found  to  serve  a  much  better  purpose, 
except  on  loose  soils.  The  general  practicre  in  the  valley  is  to  irrigate  once  each 
thirty  days.  A  few  of  the  most  careful  orchardists  had  found  that  by  intelligent 
and  thorough  manipulation  of  the  soil  they  obtained  as  favorable  results  from  the 
application  of  water  ever>'  sixty  days  or  more,  using  the  same  amount  as  they 
formerly  did  at  intervals  of  half  that  time.  The  writer  has  watched  with  much 
interest  an  eight-year  old  orchard  that  during  the  three  years  preceding  the  present 
received  in  all  but  ten  irrigations,  the  usual  amount  of  water  being  used  only  at  each 
four  irrigations  the  first  year  and  three  irrigations  each  the  second  and  third  years, 
with  results  comparing  favorably  with  those  on  trees  of  the  same  age  on  the  same 
soil  in  neighboring  orc:hards  that  received  the  ordinary  thirty-day  irrigations.  While 
there  are  yet  few  orchardists  who  have  the  skill  and  patience  required  to  secure 
such  results,  they  show  the  possibilities  of  improved  cultivation  in  conservmg  mois- 
ture. So  long  as  water  is  abundant  and  not  expensive,  more  frequent  irrigations  will 
probably  be  generally  practiced;  but  the  advantage  of  running  the  water  slowly  for 
a  longer  time,  in  furrows  as  deep  as  possible,  covering  the  saturated  bottoms  sa  soon 
as  practicable  and  keeping  the  surface  perfectly  pulverized  and  in  loose  condition,  is 
being  generally  recognized. 

PL  IX,  fig.  2,  shows  the  water  flowing  in  the  furrows  to  which 
Mr.  Reed  alludes.  A  young  orchard  is  selected  to  better  show  the 
furrows.  The  usual  practice  is  now  to  have  6  deep  furrows  in  20-foot 
spaces.  The  number  varies  according  to  the  chamcter  of  the  soil,  but 
is  in  any  case  less  than  in  the  small^  shallow  furrow  system  which 
formerly  prevailed. 

The  recourse  to  deeper  furrows  and  to  the  subsoil  plowing  has  been 
made  in  several  citrus  fruit  districts  of  southern  California.  Its 
success  depends  upon  conditions.  There  are  cases  in  which  too  deep 
use  of  the  subsoiler  has  admitted  the  water  at  a  point  too  low^  for  best 
results  to  the  tree  which  grows  on  a  leachy  subsoil,  and  the  cutting  of 
roots  by  the  subsoiler  has  in  some  cases  brought  shallow-rooting  trees 
into  temporary  distress.  The  general  conclusion,  however,  is  that 
deeper  introduction  of  water  favors  deeper  rooting  and  is  very 
economical  of  water  by  preventing  the  loss  by  evapomtion  from  the 
surface,  which,  theoreticall}',  is  dry,  but  which  actually,  with  shallow 
furrows  over  an  irrigation  hardpan  becomes  too  often  saturated  over 
nearly  the  whole  space  between  the  trees. 

CEMENT   PIPES  AND   FLUMES   FOR  THE   FURROW   SYSTEM. 

A  general  account  of  the  small-furrow  system  has  alVeady  been 
given,*  and  a  more  specific  account  of  some  of  its  details  will  be 
added. 

»U.  S.  Dept.  Agr.,  Farmers'  Bui.  116,  pp.  38-41. 
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The  use  of  cement  in  the  construction  of  flumes  has  largely  increased 
because,  by  means  of  locally  devised  machinery,  continuous  cement 
flume  has  been  cheapened  so  that  its  first  cost  is  less  than  that  of  lum- 
ber flume  where  suitably  durable  lumber  is  high.  Similar  machinery 
is  used  for  the  construction  of  continuous  cement  pipe,  which  is  replac- 
ing open  laterals  in  carrying  water  from  main  ditches  to  the  land  of 
individual  irrigators.  This  pipe  is  made  by  a  machine  constructed  by 
two  Rivei'side  men  who  are  both  machinists  and  practical  orchardists. 
PL  X  shows  the  outfit  in  operation.  Sand  and  barrels  of  cement  are 
distributed  along  the  line  ahead  of  the  machine,  as  shown  in  the  back- 
ground of  the  picture.  The  mixing  is  done  in  the  flat  boxes,  each  being 
carried  forward  when  emptied.  One  of  the  lines  of  large  rubber  hose 
conveys  steam  to  the  head  of  the  cylinder  of  the  machine  and  the  other 
returns  the  spent  steam.  The  mixed  cement  and  sand  is  carried  to  the 
feeding  box  (shown  in  vertical  position  in  the  trench),  from  which  it  is 
dropped  into  the  steel  pipe  form  below.  Steam  pressure  is  then 
brought  to  bear  upon  it  and  then  cut  off  by  the  lever;  loose  earth  is 
thrown  around  the  steel  forming-cylinder  as  it  moves  forward  and  is 
finned  by  the  operator's  feet  ready  to  sustain  the  walls  of  the  new  pipe 
as  the  cylinder  is  withdrawn  from  it.  More  loose  earth  is  thrown  over 
the  new  pipe,  which  is  allowed  to  harden  before  the  trench  is  filled. 

Continuous  cement  flume  is  made  in  a  similar  manner,  the  machine 
working  on  the  surface  and  the  required  pressure  being  given  by  a 
strong  lever  instead  of  by  steam  power.  Instead  of  a  cylindrical  form, 
one  to  properly  shape  the  flume  is'  used.  After  this  form  is  moved 
and  before  the  cement  hardens,  grooves  are  made  at  intervals  in  the 
side  walls  to  insert  board  dams  to  raise  the  water  so  that  it  will  flow 
out  of  the  zinc  tubes  with  gates,  which  are  also  put  in  place  while  the 
cement  is  plastic.  Not  only  is  such  flume  sometimes  cheaper  than 
board  flumes,  as  stated  above,  but  annoyance  of  leaking  and  cost  of 
extensive  repairs  are  done  away  with.     (PI.  VII,  fig.  1.) 

THE  BOARD  FLUME  AND  THE  FURROW  STSTEM. 

Although  in  the  older  regions  the  cement  flume  is  advancing  in 
popularity,  important  service  will  always  be  rendered  by  the  home- 
made board  flume  where  suitable  lumber  is  cheap.  A  detailed  account 
of  its  construction  and  operation  will  be  widely  useful.  The  follow- 
ing is  contributed  by  Mr.  A.  S.  Bradford,  of  Orange  County,  CaL, 
whose  arrangements  are  shown  in  PI.  IX,  fig.  1: 

I  consider  the  board  flume  best  because  it  is  in  many  places  cheapest  and  because 
it  will  last  fifteen  or  twenty  years  in  California  if  made  of  good  soft  redwood.  The 
common  redwood  lumber  is  generally  so,  but  the  so-called  flume  lumber  is  hard, 
generally,  and  will  warp  the  flume  out  of  shape.  Even  in  the  common  redwood 
lumber  hard  pieces  will  be  found,  and  these  should  be  avoided.  My  first  flume  has 
been  in  use  nine  years  and  is  apparently  as  good  as  ever. 

The  first  thing  to  be  considered  is  getting  a  flume  put  in  properly,  as  this  alone 
will  cause  much  trouble  if  not  done  right.  A  flume  should  run  nearly  on  a  level. 
It  should  be  placed  about  two-thirds  in  the  ground  at  the  commencement,  and,  as 
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soon  as  it  comei?  out  of  the  ground  to  about  two-thirds  of  its  height,  there  should  he 
a  drop  made  of  1,  2,  or  3  inches,  if  necessary,  and  then  carried  along  as  before,  feo 
as  to  keep  the  entire  length  of  flume  practically  on  a  level. 

Sixteen-foot  lumber  is  better  than  longer,  as  it  is  lighter  to  handle.  I  prefer  8-  / 
inch  sides  with  18-inch  Iwttom,  or,  in  some  cases,  10-inch  sides  with  16-inch  bottom.  ' 
The  first  section,  however,  should  be  about  2  feet  wide,  narrowed  to  the  size  of  the 
flume,  so  as  to  control  the  stream.  Collars  should  be  put  around  the  flume  every  8 
feet  of  distance;  that  is,  one  in  the  center  and  one  to  cover  the  joints  at  eat^h  end. 
These  collars  should  l^e  2  l)y  3  inch  stuff  on  the  l>ottom  and  sides  and  1  by  3  inches 
on  top.  This  makes  a  strong,  durable  flume.  The  length  of  the  flume  should  be 
divided,  so  that  the  stream  will  decrease  as  it  goes  along.  The  width  should  be 
decreased  also,  say  from  16  inches  to  14,  12,  10,  and  8  inches,  the  sides  being  the 
same  throughout  or  reduced  so  as  to  have  10-inch  sides  on  the  16-inch  bottom  and 
8-inch  sides  on  the  rest,  nailed  to  the  side  of  the  bottom,  making  7  inches  depth 
inside.  Two-inch  holes  should  Ih)  about  30  indies  apart  and  2-inch  gates  placed  on 
the  inside  instead  of  outside,  as  they  will  collect  less  trash,  the  hole  through  the 
wood,  if  un(;overed,  making  a  lodgment  for  leaves,  etc.  In  the  narrow  and  flat 
flume  it  is  much  easier  to  fix  the  gates. 

From  8  to  9  furrows  for  trees  set  24  feet  apart  are  sufficient.  The  streams  should 
be  run  from  one-eighth  to  one- half  the  capacity  of  the  holes  in  the  flume,  according 
to  the  soil  and  fall  of  ground.  I  commence  the  stream  small  and  increa**e  it  if 
necessary  later  on.  The  streams  should  be  kept  as  near  together  as  possible,  and 
when  the  end  is  reached  the  gate  should  be  nearly  closed  down,  so  as  to  allow  the 
stream  to  just  trickle  to  the  end.  In  this  manner  the  soil  will  become  thoroughly 
wet  from  one  end  to  the  other.  The  streams  should  be  run  very  slowly  on  most  of 
our  soils.  A  great  many  failures  have  been  made  on  hard  soils  by  running 
the  stream  too  large  and  then  reducing  it.  This  seems  to  "slick"  or  cement  the 
soil  so  that  it  will  not  take  the  water,  and  the  consequence  is  a  poor  and  unsatis- 
factory irrigation.  On  the  other  hand,  if  the  streams  are  started  small  and  allowed 
to  soak  the  ground  as  they  go  along,  it  is  simply  astonishing  how  much  water  can 
be  put  in  the  ground.  On  sandy  soils  the  streams  should  be  larger.  A  little  prac- 
tice would  give  anyone  the  desire<l  information. 

Alxmt  three  rows  of  trees  at  the  lower  end  should  Ikj  blocked  up,  provi<led  one 
has  no  place  where  the  overflow  water  could  l>e  used.  This  last  provision  is  the  bet- 
ter, however,  as  there  would  be  only  about  10  inches  of  water  run  over  the  last  three 
or  four  hours,  and  a  thorough  job  would  l)e  done  from  one  end  to  the  other. 

In  making  furrows  I  have  an  extension  made  for  my  cultivator  to  bolt  on  each 
side  and  use  four  plows.  With  this  extension  I  can  wet  the  whole  ground  thoroughly. 
The  furrows  will  extend  under  the  limbs  of  tlie  trees,  and  by  making  a  ssight  curve 
around  each  tn»e  the  ground  will  l)ecome  wet  in  the  rows  as  well  as  between. 

As  compared  with  the  check  system,  the  furrow  method,  properly  handle<l,  makes 
the  soil  light  and  loose,  while  the  check  system  is  apt  to  pack  the  soil,  rendering  it 
lifeless  and  leaving  it  so  that  it  will  not  retain  moisture  long.  Besides,  the  cost  of 
ridging  and  extra  labor  in  handling  water  in  checks  for  one  season  will  nearly  pay 
for  the  flume  by  wliich  one  man  can  do  the  irrigating.  Two  horses  will  furrow  out 
10  acres  in  half  a  day,  and  a  little  hand  labor  at  the  flume  will  connei't  the  furrows. 
In  the  check  system  generally  a  <lisk  is  run  first  where  the  ridges  are  to  be  made, 
and  then  the  ridger  is  run  with  4  horses;  then  t-lie  jumpscraiK»ris  run  to  stop  up  om3 
si<le  of  the  l)lockH;  then  ditches  must  be  made;  then  from  2  to  3  men  are  required  to 
handle  the  water  by  shutting  uj)  the  cliecks  when  filled.  Afterwanls  the  ridges 
must  l)e  plowe<l  down  before  the  ground  can  be  harrowed  and  got  in  condition  to 
cultivate.  At  a  glance  one  can  see  that  it  costs  fully  three  times  as  much  to  irrigate 
by  the  check  system  as  by  the  furrow  system,  and  with  the  latter  the  s<nl  acts  more 
as  it  <loes  after  a  rain. 
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IRRIGATION  IN  SANTA  CLARA  VALLEY,  CALIFORNIA. 

By  S.  FoRTiER, 
Irrigation  Engineer  in  charge  of  Pacific  District. 

IFTEODUCTOEY.^ 

Santa  Clara  Valley  is  the  most  important  agricultural  center  in  the 
neighborhood  of  San  Francisco  Bay.  Beginning  at  the  southern 
extremity  of  the  bay  with  a  width  of  20  miles,  the  valley  extends 
southward  for  70  miles,  narrowing  to  a  few  hundred  feet  11  miles 
south  of  San  Jose,  the  principal  city  in  the  valley,  but  widening  again 
below  that  point  as  it  extends  southward  into  San  Benito  County.  On 
the  west  the  Santa  Cruz  Mountains  separate  it  from  the  coast,  some 
40  miles  away,  and  on  the  east  a  portion  of  the  Coast  Range  lies 
between  it  and  the  San  Joaquin  Valley.  The  valley  is  drained  toward 
San  Francisco  Bay  by  Guadalupe  and  Coyote  creeks  and  their  tribu- 
taries, and  in  its  southern  end  toward  Monterey  Bay  by  several  minor 
streams.  As  described  by  Profs.  E.  W.  Hilgard  and  R.  H.  Lough- 
ridge,  of  the  California  Agricultural  Experiment  Station,  it  has  a 
somewhat  undulating  surface,  is  dotted  with  clumps  and  groves  of 
oaks,  and  has  lands  of  black  adobes  on  the  northern  or  lower  portions 
and  lighter  sandy  or  gravelly  loams  where  the  elevations  are  slightly 
greater.  Excepting  in  the  salt-marsh  region  near  San  Francisco  Bay 
the  valley  proper  is  throughout  highly  cultivated,  being  devoted  to 
the  numerous  deciduous  fruits  common  to  California — most  largely  to 
the  prune,  for  which  it  has  long  been  a  leading  center  in  this  country. 
The  yields  of  its  fruits,  and  consequently  the  value  of  its  orchards  and 
vineyards,  are  high;  its  farm  homes  are  widely  known  for  their  taste 
and  comfort  and  for  the  convenience  of  communication  and  general 
orderliness  which  they  possess.  Besides  the  city  of  San  Jose,  with 
something  over  22,000  inhabitants,  it  contains  such  prosperous  town 
centers  as  Santa  Clara,  Los  Gatos,  Campbell,  and  Saratoga,  making 
altogether  a  well-settled,  well-utilized  section.     Its  peculiarly  sheltered 

<>  Most  of  the  field  data  pertaining  to  the  duty  and  cost  of  water  in  the  Santa  Clara 
Valley  were  gathered  under  the  writer's  direction  during  the  season  of  1904  by  Mr. 
F.  H.  Tibbetts,  then  a  senior  student  in  civil  engineering  in  the  University  of  Cali- 
fornia and  now  an  instructor  in  hydraulics  in  the  Lick  School  of  Mechanical  Arts  in 
San  Francisco.  Mr.  Tibbetts  haa  also  aasisted  in  the  preparation  of  this  report  for 
pubUcation. 
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location  with  reference  to  San  Francisco  Bay  conditions,  however,  as 
well  as  the  peculiar  conditions  of  soil,  climate,  and  markets,  its  social 
advantages,  and  its  people,  give  it  a  character  somewhat  different  from 
what  would  usually  be  termed  an  average  for  California,  although  in 
its  net  results,  as  measured  in  the  prosperity  and  intelligence  of  its 
people,  numerous  other  sections  of  the  State  are  readily  comparable 
with  it. 

80TTBCE8  OF  WATEB  STTPPLT. 

The  water  supply  of  Santa  Clara  Valley  is  derived  from  two  dis- 
tinct sources,  namely,  from  streams  and  from  wells.  The  water  from 
the  streams  is  used  for  the  most  part  from  January  1  to  March  31  c  f 
each  year,  under  the  usual  designation  of  **  winter  irrigation."  The 
water  pumped  from  wells  comes  from  the  water-bearing  sand  ai  d 
gravel  beneath  the  surface,  and  is  applied  after  the  winter  rains  ha\  e 
ceased — that  is, in  "summer  irrigation."  The  practice  of  using  creek 
water  in  winter  and  the  necessity  for  pumping  water  from  wells  in 
sunmier  follow  naturally  from  the  fact  that  the  creeks  which  drain 
the  basin  furnish  a  supply  only  during  the  rainy  months  of  winter 
and  spring. 

For  a  period  of  nineteen  years  the  mean  annual  precipitation  at  the 
town  of  Santa  Clara  was  16.06  inches,  but  of  this  total,  10.90  inches, 
or  two-thirds,  fell  during  the  four  months  of  December,  January, 
February,  and  March.  At  the  same  place  and  for  the  same  period 
the  average  rainfall  from  June  1  to  September  30  was  less  than  one- 
half  inch.  This  uneven  distribution  of  the  annual  rainfall  might  not 
cause  so  much  difference  in  irrigation  practice  if  a  part  of  the  pre- 
cipitation could  be  withheld  in  the  form  of  snow  on  high  ranges; 
but  on  account  of  the  mild  winter  climate  and  the  low  elevation  of 
the  Coast  Range  there  is  no  snow,  and  only  that  part  of  the  moisture 
which  percolates  into  the  soil  and  subsoil  is  held  back/  The  orchard- 
ists  might  construct  storage  reservoirs  and  thereby  retain  a  portion 
of  the  winter  flow  of  the  various  streams  of  the  valley,  but  experience 
has  taught  them  that  wherever  the  soil  of  the  valley  is  deep  and 
retentive  of  moisture  a  large  amount  of  water  can  be  stored  therein. 
A  reservoir  formed  by  the  open  space  in  the  subsoil  beneath  a  culti- 
vated orchard  may  not  be  the  most  effective,  but  it  is  very  likely  to  be 
the  least  expensive  and  most  convenient. 

The  experience  of  a  large  number  of  fruit  growers  during  the  past 
few  years  has  clearly  shown  the  feasibility  and  economy  of  winter 
irrigation.  In  consequence  of  this,  creek  water,  which  possessed  little 
if  any  value  ten  or  twelve  years  ago,  being  then  permitted  to  flow 
unused  to  the  bay,  is  now  eagerly  sought  for  and  is  yearly  increasing 
in  value.  Of  late  years  a  large  number  of  new  ditches  have  been  dug 
and  existing  gravity  plants  extended,  so  that  now  almost  the  entire 
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winter  flow  of  these  various  creeks  is  utilized.  If  the  flow  in  the 
creeks  were  more  plentiful,  and  if  all  the  irrigable  land  were  low 
'enough  to  be  readily  reached  by  gravity  canals,  the  need  of  pumping 
for  irrigation  would  not  be  so  urgent  as  it  now  is  and  the  practice  of 
winter  irrigation  would  be  greatly  extended.  Many  would  gladly 
irrigate  in  winter  if  water  were  available,  because  even  if  they  pre- 
ferred summer  irrigation  they  would  get  along  with  a  winter  supply 
for  the  sake  of  saving  the  expense  of  purchasing  and  installing  a 
pumping  plant,  as  well  as  the  extra  expense  for  fuel,  attendance, 
repairs,  etc.,  incurred  each  season  by  raising  the  water  supply  from 
the  wells.  Few,  however,  have  any  option  in  the  matter.  The  supply 
of  water  in  the  creeks  is  not  sufficient  for  all,  and  much  of  the  culti- 
vated land  is  too  high  to  be  reached  by  gravity  ditches  from  the 
creeks.  Some  of  the  most  valuable  land  in  Santa  Clara  Valley  is  thus 
located,  and  its  owners  must  either  pump  water,  purchase  a  supply 
from  their  neighbors'  pumps,  or  do  without  irrigation. 

The  orchardists  of  the  Santa  Clara  Valley  may  therefore  be  grouped 
under  four  heads:  (1)  Those  who  depend  solely  on  winter  irrigation 
and  who  obtain  their  supply  from  the  creeks;  (2)  those  who  pump 
water  either  from  the  creeks  or  from  wells;  (3)  those  who  purchase 
water  each  season  from  a  neighboring  plant;  and  (4)  those  who  do  not 
irrigate  at  all.  These  four  groups,  and  particularly  the  first  three, 
are  not  distinct.  It  frequently  happens  that  an  orchardist  uses  water 
from  a  creek  ditch  in  winter  or  spring  and  from  a  well  in  summer. 
If  the  annual  rainfall  is  heavy  and  the  streams  consequently  high  he 
may  not  start  the  pump  during  an  entire  season,  keeping  it  rather  as 
an  insurance  against  drought  in  dry  seasons.  On  the  other  hand,  in 
dry  seasons  he  may  get  little  water  from  his  usual  creek  supply  and 
be  compelled  to  depend  entirely  on  pumping.  Quite  often  a  supply 
from  a  pump  mingles  with  that  from  a  creek.  As  regards  the  fourth 
group,  some  use  no  irrigation  water  from  choice,  others  from  neces- 
sity. Some  are  so  situated  that  if  they  would  obtain  water  they  must 
raise  it  100  feet,  and  the  present  low  price  of  prunes  will  justify  the 
cost  of  doing  this  in  only  a  few  cases. 

The  extent  of  the  annual  rainfall  at  Santa  Clara  has  already  been 
indicated.  The  precipitation  there  is  representative  of  the  precipita- 
tion throughout  the  main  floor  of  the  valley.  In  the  foothills,  how- 
ever, it  is  considerably  greater,  being  heaviest  in  the  wooded  sections 
of  the  Santa  Cruz  Mountains,  from  which  most  of  the  water  supply  is 
derived. 

OBCHABD  IBBIOATION. 

The  rainfall  during  the  dry  year  of  1898  was  a  trifle  more  than  one- 
half  the  normal.  The  year  previous  was  likewise  one  of  scanty  water 
supply.  These  two  dry  years  coming  in  succession,  followed  by  others 
of  medium  precipitation,  compelled  a  resort  to  irrigation,  and  thus 
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stimulated,  a  majority  of  the  orcbardists  have  come  to  count  on  irri- 
gation as  they  count  on  cultivation.  Previous  to  the  dry  period^ 
beginning  in  1898  a  limited  area  was  winter-irrigated  with  water 
obtained  from  the  creeks,  but  the  prevailing  sentiment  was  opposed  to 
irrigation.  The  opposing  sentiment  was  fostered  by  real  estate  men 
and  others  who,  with  land  for  sale,  desired  to  create  the  impression 
that  irrigation  was  unnecessary  in  their  locality.  The  benefits  result- 
ing from  a  wise  use  of  water  in  this  valley  have  now,  however,  been 
clearly  demonstrated.  Some  of  the  most  apparent  of  these  to  the 
fruit  grower  have  been  the  superior  quality  of  the  fruit  produced,  a 
greater  regularity  in  bearing,  and,  more  particularly,  a  large  increase 
in  yield.  That  these  results  have  been  obtained  is  admitted  by  nearly 
all  fruit  growers  in  the  valley,  and  the  conclusion  seems  also  to  be 
borne  out  by  investigations  made  for  the  OflSce  of  Experiment  Sta- 
tions by  Prof.  E.  J.  Wickson,  of  the  California  Agricultural  Experi- 
ment Station  (see  pp.  141-174).  In  cases  where  fruit  has  been  damaged 
by  irrigation  the  cause  has  usually  been  the  application  of  too  much 
water  or  its  application  at  the  wrong  time. 

There  is  a  wide  difference  of  opinion  among  the  fruit  growers  as  to 
the  best  time  to  irrigate  and  the  proper  amount  of  water  to  apply. 
Those  who  are  dependent  on  the  flow  in  the  creeks  and  who  irrigate  in 
January,  February,  and  March  are  apt  to  favor  winter  irrigation, 
while  those  who  own  and  operate  pumping  plants  are  inclined  to  think 
that  the  advantages  are  chiefly  to  be  found  in  applying  the  water  in 
the  late  spring  and  early  summer.  In  briefly  comparing  the  advan- 
tages and  disadvantages  of  these  two  methods,  it  may  be  said  that,  as 
regards  the  soil,  the  question  hinges  very  largely  on  its  depth  and 
texture.  A  deep,  retentive  soil  will  hold  a  large  part  of  the  water 
applied  in  winter,  and,  being  moist  from  frequent  rains,  will  readily 
absorb  what  is  applied  on  the  surface.  Porous,  gravelly  soils  and 
subsoils,  on  the  other  hand,  will  lose  by  percolation  much  of  the 
moisture  applied,  and  such  soils  should  be  irrigated  in  the  spring  and 
summer,  when  the  crops  are  in  most  need  of  moisture.  In  consider- 
ing the  loss  by  evaporation  and  percolation  there  is  no  decided  net 
gain  either  way.  Much  of  the  water  applied  in  summer  from  pump- 
ing plants  is  lost  by  evaporation,  but  probably  very  little,  if  any, 
drains  from  the  soil.  A  large  part  is  quickly  absorbed  by  the  trees. 
In  winter  irrigation  the  rate  of  evaporation  is  much  less,  but  the  time 
during  which  it  acts  is  very  much  greater.  Also,  much  of  the  water 
applied  in  winter  undoubtedly  drains  away  before  the  trees  are  able 
to  make  use  of  it.  In  comparing  the  cost  of  the  two  methods,  the 
advantages  are  all  in  favor  of  winter  irrigation.  Creek  water  is 
cheaper  and  more  plentiful,  and  there  is  a  saving  in  labor,  since  less 
cultivation  is  required  after  each  irrigation  in  winter  than  is  required 
after  each  irrigation  in  summer. 
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THE  APPLICATION  OF  WATER  PTIMPED  FBOM  WELLS. 

Water  is  applied  to  the  orchards  in  furrows,  in  basins,  and  by  flood- 
ing. The  farrow  and  basin  methods  are  used  for  water  that  is  pumped 
from  wells,  while  the  flooding  method  is  confined  to  low-lying,  level 
lands  that  are  irrigated  from  the  creeks.  The  latter  method  is  too 
wasteful  of  water  to  be  adopted  by  the  fruit  growers  who  are  obliged 
to  use  pumped  water,  and  this  discussion  will  be  confined  to  the  furrow 
and  basin  methods. 

FX7BB0W  METHOD  OF  IBBIGATION. 

The  practice  of  furrow  irrigation  is  gaining  in  favor  in  the  Santa 
Clara  Valley.  Many  who  formerly  used  basins  have  adopted  furrows. 
As  a  general  rule,  wherever  conditions  are  favorable  it  is  the  most 
satisfactory  way  of  applying  water  to  orchards.  The  most  favorable 
conditions  are  an  even  slope  of  from  10  to  20  feet  to  the  mile  and  a 
soil  of  fairly  uniform  texture.  When  the  slope  is  less  than  10  feet 
per  mile  the  size  of  the  furrows  should  be  increased,  and  when  it 
is  more  than  20  feet  per  mile  the  size  of  the  furrows  should  be 
decreased.  The  purpose  of  this  adjustment  is  to  reduce  the  flow  on 
steep  grades  by  cutting  down  the  cross  section,  and  to  increase  the 
size  on  flat  grades  to  make  up  for  the  slow  velocity.  On  very  steep 
grades  the  trees  of  the  orchards  should  be  planted  on  grade  lines  of 
about  0.5  inch  to  the  rod,  in  order  to  provide  suitable  slopes  for  the 
furrows. 

In  soils  that  are  not  fairly  uniform  in  texture,  water  can  not  be 
evenly  distributed  by  furrows.  A  strip  of  loose,  porous  soil,  or  a 
pocket  of  sand  lying  between  compact  soils,  will  intercept  the  flow. 
The  result  is  uneven  distribution  and  waste  of  water. 

The  number  of  furrows  between  the  rows  of  trees  varies  in  prac- 
tice from  1  to  6,  but  is  most  frequently  4.  For  a  light  application  of 
water,  many  prefer  a  deep  furrow  in  the  center  of  the  space  between 
the  rows.  This  deep  furrow,  when  made  by  a  subsoiler,  loosens  the 
soil  to  a  depth  of  15  inches  or  more.  In  running  water  through  it 
little  is  lost  by  evaporation,  since  it  may  be  filled  in  with  dry  soil  a 
few  hours  after  the  water  is  turned  off.  When  four  furrows  are  made 
between  the  rows  they  vary  in  depth  from  5  to  10  inches  and  in  length 
from  500  to  3,000  feet. 

The  head  ditches  of  the  valley  are  made  of  the  orchard  soil,  and 
openings  are  made  in  the  lower  bank  to  feed  the  various  furrows. 
There  are  a  few  exceptions  to  this.  Some  orchardists  have  provided 
head  flumes  of  lumber  with  holes  in  the  skle  to  distribute  water  to  the 
furrows.  Others  make  use  of  short  wooden  tubes  which  are  inserted 
in  the  ditch  bank  opposite  the  head  of  each  furrow. 
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The  amount  of  water  turned  into  each  furrow  is  much  larger  than 
in  furrow  irrigation  in  southern  California  and  varies  all  the  way  from 
6  to  12  miner's  inches. 

BASIN  METHOD  OF  LBBIGATION. 

For  a  fuller  description  of  this  method  of  irrigation,  as  well  hb  of 
the  furrow  method,  the  reader  is  referred  to  Bulletin  146  of  the  Office 
of  Experiment  Stations^,  which  deals  with  methods  of  preparing  land 
and  applying  water.  In  a  preceding  paragi*aph  the  general  state- 
ment was  made  that  under  favorable  conditions  the  furrow  method  of 
irrigation  is  to  be  preferred.  In  this  connection  it  is  well  to  state  that 
some  soils  can  not  be  successfully  irrigated  by  furrows.  In  some 
soils  of  Santa  Clara  Valley  the  lateral  percolation  is  so  slow  that  sur- 
face flooding  in  basins  is  necessary.  There  are  likewise  cases  where 
the  flow  through  a  furrow  might  run  for  days  and  not  get  beyond  a 
sandy  sump  on  its  course. 

It  is  claimed  by  those  who  prefer  basins  that  the  top  layer  of  soil  is 
the  richest  in  plant  food,  that  the  rootlets  of  trees  obtain  much  of 
their  supply  from  the  ingredients  it  contains,  and  that  in  consequence 
the  top  layer  should  be  amply  supplied  with  moisture  in  order  to  render 
this  plant  food  available.  On  the  other  hand,  there  are  some  serious 
objections  to  the  basin  method,  which  the  fruit  grower  should  strive 
eitlier  to  overcome,  or,  if  that  is  not  practicable,  to  lessen  the  injurious 
effects  of.  One  of  the  greatest  of  these  is  the  loss  of  water  by  evapora- 
tion from  the  moist  surface  soil  and  the  consequent  baking  and 
cracking  of  the  surface.  The  next  objection  is  the  amount  of  labor 
expended  in  preparing  the  basins  to  receive  water,  and,  after  it  has 
been  applied,  the  subsequent  plowing,  leveling,  and  harrowing  which 
are  necessary.  As  a  rule,  each  irrigation  calls  for  the  twofold  task 
of  building  levees  around. small  inclosures  and  of  afterwards  leveling 
the  surface  to  a  uniform  grade. 

THE  DUTT  OF  WATEB  HITOEB  TTPICAL  DITCHES  OF  THE  8AHTA 

CLABA  VALLET. 

In  order  to  afford  an  opportunity  to  compare  the  duty  of  water 
under  pumping  plants  with  that  under  gravity  ditches  a  summary  of 
the  results  of  measurements  made  on  three  ditches  is  herein  intro- 
duced. Prior  to  the  time  of  making  these  measurements,  in  the  early 
part  of  1904,  little  data  could  be  obtained  regarding  either  the  capaci- 
ties of  the  various  ditches  or  the  amount  of  water  received  by  the 
users. 

The  method  followed  in  determining  the  daily  flow  of  each  ditch 
was  to  insert  a  rating  flume  near  the  point  of  diversion  or  to  use  for 

oU.  S.  Dept  Agr.,  Office  of  Experiment  Stations  Bnl.  145. 
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this  purpose  a  flume  already  in  place.  The  elevation  of  the  surface 
of  the  water  in  each  rating  flume  was  obtained  by  a  recording  instru- 
ment, and  sufficient  current-meter  gaugings  were,  taken  to  enable 
the  investigator  to  make  rating  tables  and  compute  from  these  the 
daily  discharge. 

The  acreage  irrigated  under  each  ditch  was  obtained  for  the  most 
part  from  the  record  books  of  the  canal  superintendents,  and  in  doubt- 
ful cases  the  owners  were  interviewed.  Extreme  accuracy  as  to  the 
extent  of  the  land  irrigated  was  not  obtained,  since  both  the  acreage 
ii'rigated  and  the  flow  in  the  creeks  vary  considerabl}^  from  year  to 
year.  The  main  purpose  of  this  preliminary  investigation  was  to 
obtain  reasonably  accurate  figures  pertaining  to  the  duty  of  water 
under  creeks,  the  waters  of  which  were  used  for  winter  irrigation, 
and  to  compare  these  figures  with  those  obtained  in  connection  with 
pumping  plants. 

STATLEB  BITGH. 

Statler  ditch  is  one  of  four  main  ditches  which  divert  water  from 
Los  Gates  Creek,  and  is  used  to  irrigate  a  portion  of  the  orchards  in 
the  vicinity  of  the  town  of  Campbell.  The  association  owning  ^he 
ditch,  which  is  not  incorpoi-ated,  consists  of  ten  individuals.  The 
surplus  water  is  sold  to  outsiders,  who  paid  in  1904  $15  per  day  of 
twenty- four  hours  for  a  head  estimated  to  contain  225  miner's  inches, 
or  4.5  cubic  feet  per  second,  allowing  50  miner's^  inches  as  the  equiv- 
alent of  1  cubic  foot  per  second.  This  ditch  is  between  4  and  5  miles 
long,  is  from  7  to  10  feet  wide,  and  from  2  to  4  feet  deep.  Its  maxi- 
mum discharge  in  1904  was  60  cubic  feet  per  second  and  its  mean 
discharge  throughout  the  iriigation  period  of  fifty  days  was  19.78 
cubic  feet  per  second.  The  area  irrigated  from  this  source  from  Feb- 
ruary 27  to  April  23,  1904,  was  1,241  acres,  and  the  annual  rainfall 
was  12.25  inches. 

DtUy  of  water  under  StaUer  diicht  1904. 

Duration  of  irrigation  (February  27  to  April  28) days. .        66 

Area  irrigated acres..  1,241 

DiBcharge  of  ditch .acre-feet. .  1, 961 

Depth  of  water  applied feet. .    1. 68 

SOBOSIS  AND  CALKINS  DITCHES. 

These  ditches  divert  water  from  Campbell  Creek  at  a  point  about  3 
miles  below  the  town  of  Saratoga.  Since  the  headgates  and  some  600 
feet  of  the  upper  portion  of  the  ditch  are  operated  in  common,  the 

o  There  is  a  difference  of  opinion  in  the  Santa  Clara  Valley  as  to  the  value  of  the 
miner's  inch.  Some  have  adopted  the  southern  California  ''inch/'  measured  under 
a  4-inch  head,  while  others  have  adopted  the  statutory  inch,  which  is  measured 
under  a  6-inch  head,  and  is  equivalent  to  the  one-fortieth  part  of  the  standard  unit 
of  1  cubic  foot  per  second. 
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water  measurements  were  made  above  the  division  point.  Both  ditches 
are  owned  by  incorporated  companies  organized  primarily  for  the 
purpose  of  selling  the  surplus  water  which  remains  after  the  needs  of 
the  stockholders  have  been  supplied.  Each  company  charges  a  uni- 
form rate  of  $20  per  day  of  twenty-four  hours  for  a  head  of  water 
estimated  to  contain  1,800  gallons  per  minute,  or  4  cubic  feet  per 
second.  To  avoid  litigation,  the  companies  have  agreed  to  sell  water 
to  riparian  owners  on  Campbell  Creek  at  half  rates. 

The  maximum  combined  discharge  of  the  ditches  was  91  cubic  feet 
per  second,  and  the  mean  discharge  for  the  irrigation  period,  extend- 
ing from  February  12  to  April  23,  1904,  was  38.3  cubic  feet  per  sec- 
ond. The  annual  rainfall  for  1904  was  12.42  inches  and  the  amount 
of  water  applied  during  the  rainy  season  was  20.05  inches,  or  a  total 
from  both  sources  of  32.47  inches. 

Duty  of  water  under  the  Sorotis  and  CkUkins  ditches^  1904. 

Duration  of  irrigation  ( February  12  to  April  23) days. .        70 

Area  irrigated acres . .  3, 021 

Dischai^  of  ditches .' acre-feet. .  5, 300 

^      Depth  of  water  applied ■». feet..    1.76 

PIONEEB  BITGH. 

Pioneer  ditch  diverts  water  from  Almaden  Creek  in  the  foothills 
about  10  miles  south  of  San  Jose.  Several  causes  combine  to  produce 
a  lower  duty  of  water  here  than  under  the  two  ditches  just  mentioned. 
The  ditch  being  owned  by  a  cooperative  company,  nearly  the  entire 
water  supply  is  used  by  shareholders,  who,  having  to  pay  no  fixed 
charges  for  the  water,  are  inclined  to  use  it  freely,  if  not  wastef ully. 
Another  cause  of  the  low  duty  is  the  longer  irrigation  season  under 
this  ditch.  The  ditch  company  is  fortunate  in  possessing  first  rights 
on  the  stream  and  in  having  its  headgates  well  up  in  the  foothills, 
thereby  gaining  the  water  which  would  otherwise  be  lost  by  seepage  in 
the  sand  of  the  natural  channel. 

The  maximum  discharge  of  the  Pioneer  ditch  in  1904  was  24  cubic 
feet  per  second,  and  the  mean  discharge  for  a  period  of  one  hundred 
and  fifteen  days  was  13.18  cubic  feet  per  second.  This  amount  of 
water,  when  applied  to  900  acres,  was  suflScient  to  cover  it  to  a  depth 
of  over  40  inches.  The  rainfall  at  San  Jose  was  13  inches,  thus 
aggregating  over  53  inches,  less  the  loss  in  transit,  that  was  received 
by  the  crops. 

Duiy  of  water  under  Pioneer  ditch,  1904. 

Duration  of  irrigation  period  ( February  13  to  June  7) days. .      116 

Area  irrigated acres..      900 

Discharge  of  ditch acre-feet..  3,004 

Depth  of  water  applied feet..    3.34 
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• 

The  duty  of  water  may  be  more  readily  comprehended  by  some  if 
expressed  in  miner's  inches  per  acre  rather  than  in  depth  of  water 
over  the  area  irrigated.  This  has  been  done  in  the  following  sum- 
mary. The  value  of  the  miner's  inch  herein  used  is  similar  to  that 
of  southern  California,  where  1  cubic  foot  per  second  is  equivalent  to 
50  miner's  inches. 

MtThgr's  inch  per  acre  irrigated. 

Statler  ditch 0.797 

Sorosis  and  Oalkins  ditches d32 

Pioneer  ditch 732 

Assuming  that  the  above-named  ditches  are  representative  of  ail 
the  gravity  ditches  in  the  Santa  Clara  Valley,  the  average  duty  of 
water  in  1904  as  applied  in  winter  irrigation  was  0.72  miner's  inch 
per  acre. 

LOSS  07  WATEB  IN  TRANSIT. 

The  figures  which  pertain  to  the  discharge  of  ditches  given  in  the 
preceding  paragraphs  are  the  results  of  measurements  made  near  the 
head  of  each  ditch.  The  aggregate  in  all  the  laterals  which  supply 
the  farms  under  any  one  of  the  ditches  under  consideration  would  be 
considerably  less  on  account  of  the  losses  arising  from  seepage,  evap- 
oration, and  from  other  causes.  An  effort  was  made  to  determine  in 
a  general  way  what  these  losses  were  in  five  ditches.  A  suitable  sec- 
tion was  chosen  in  each  ditch  of  from  1  to  2  miles  in  length  and  the 
discharges  at  both  ends  of  the  section  were  measured.  The  average 
loss  as  found  by  these  tests  was  over  6  per  cent  of  the  flow  per  mile. 
Thus  a  ditch  4  miles  long,  according  to  this  average,  would  lose  about 
25  per  cent  ,  .  •  • 

VBBTnjZINO  VALT7E  07  GREEK  WATEB^DT  SANTA   OLABA 

VALLEY. 

The  creeks  of  Santa  Clara  Valley  carry  a  considerable  quantity  of 
sediment  during  the  rainy  period.  In  winter  irrigation  a  part  of  this 
sediment  is  transported  by  the  main  canals  and  their  distributaries 
and  deposited  with  the  water  on  the  surface  of  the  cultivated  fields. 
The  prevailing  opinion  among  those  who  use  creek  water  in  winter  is 
that  this  sediment  possesses  considerable  value  when  compared  with 
commercial  fertilizers  such  as  are  usually  applied  to  stone  fruits. 

For  the  purpose  of  ascertaining  the  conmiercial  value  of  the  sedi- 
ment in  the  water  samples  were  taken  in  March,  1904,  and  analyzed. 
Four  samples  of  water,  containing  the  usual  amount  of  sediment,  were 
taken  from  a  small  creek  east  of  Los  Gatos  on  the  orchard  owned  by 
O.  F.  Van  Dorsten.  Three  additional  samples  were  taken  on  different 
days  by  D.  K.  Pender  from  a  lateral  which  supplies  his  orchard.  The 
lateral  is  part  of  a  ditch  system  taking  water  from  Los  Gatos  Creek, 
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and  during  the  three  days  when  samples  were  taken  the  water  in  it 
contained  an  average  amount  of  sediment.  These  seven  samples  were 
mixed  and  analyzed  by  Prof.  George  E.  Colby,  of  the  University  of 
California. 

I  The  results  of  Professor  Colby's  analysis  will  be  something  of  a  dis- 
appointment to  many  users  of  creek  waters  who  believed  that  their 
irrigated  jfields  were  annually  enriched  from  this  cause.  The  report 
shows  that  the  value  of  the  sediment  is  67  cents  per  acre.  In  arriving 
at  this  result  the  average  depth  of  water  applied  over  the  surface  of 
orchards  in  winter  irrigation  was  first  obtained.  This  average  depth 
for  1904  was  2.224  feet,  or  724,690  United  States  gallons  per  acre. 

The  following  are  the  results  of  Professor  Colby's  analysis  as  given 
by  him: 

Analysis  of  an  average,  sample  of  water  from  creeks  in  Santa  Clara  VaUey. 


ConstituentB. 


Grains 

per 

Parts 

United 

mniion. 

States 

gallon. 

0.18 

8.07 

2.08 

85.60 

.88 

6.66 

.     .61 

10.45 

None. 

None. 

1.89 

28.98 

4.14 

70.87 

.03 

15.98 

.61 

10.45 

.28 

4.70 

1.45 

24.88 

1.46 

24.88 

18.75 

235.40 

Small. 

BmalL 

Potassium  sulphate  (K^SOi) 

Sodium  sulphate  (NaaSOi) 

Sodium  chlorid  (NaCl) 

Sodium  carhonate  (NagCOs) 

Sodium  nitrate  (NaNG,;! 

Magnesium  carbonate  (MgCGa) 

Calcium  carbonate  ( CaCGs ) 

Calcium  sulphate  (CaSGjO 

Calcium  phosphate  (CfuP^Gg) 

Iron  and  alumina  (FesOs  and  AlaOs) , 

Silica  (8iG,) 

Organic  matter  (large)  and  chemically  combined  water, 

Total 

Free  carbonic  acid  gas 


According  to  the  above  table,  and  asBuming  that  the  average  depth  of  creek  water 

applied  to  each  acre  is  2.224  acre-feet,  the  total  amount  of  mineral  matter  received  by 

each  acre  would  be  4,773  pounds.    Of  this  total  3,500  pounds  is  sediment  insoluhle 

and  not  available  for  plant  food;  the  balance,  1,273  pounds,  may  be  subdivided  as 

follows: 

AUxUL 

Founds. 

White  alkali  (sodium  sulphate) 215 

Black  alkali  (sodium  carbonate) 63 

Common  salt  (sodium  chlorid) 36 

Like  most  mountain  stream  waters  this  one  is  especially  pure  and  admirably  suited 
for  the  irrigation  of  fruit  trees.  None  of  the  above-named  salts  is  sufficient  in  quan- 
tity to  injure  deciduous  orchards,  which  can  tolerate  10,000  pounds  of  white  alkali 
per  acre  and  1,000  pounds  of  each  of  the  remaining  two. 

FertUiztng  inffredients. 

Founds. 

Phosphoric  add 2.9 

Soluble  potash .' 10.1 

Nitrogen • None. 
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The  preceding  table  shows  that  the  available  potash  carried  to  each  acre  of  land 
by  the  water  was  10.1  pounds  valued  at  50  cents,  and  2.9  pounds  of  phosphoric  acid 
valued  at  17  cents,  or  that  the  total  added  value  from  the  water  was  but  67  cents. 

Five  hundred  pounds,  the  minimum  amount  applied  per  acre,  of  ordinary  fertiliaser 
for  stone  fruits  contains  available  potash  and  phosphoric  acid  worth  st  least  $5. 
Thus  it  appears  that  over  seven  years  of  irrigation  with  this  water,  in  the  quantities 
used,  would  be  required  to  furnish  prune,  peach,  and  apricot  orchards  with  as  much 
available  plant  food,  containing  no  nitrogen,  as  is  supplied  by  one  little  dressing  of 
fertilizer. 

THE  COST  AHS  BXTTT  OF  WATER  IN  1904  XTHDEK  60  PXrMPINO 
PLANTS  IN  SANTA  CLAKA  TALLET. 

During  the  irrigation  season  of  1904  measurements  were  made  of  the 
discharge  of  68  irrigation  pumps  in  Santa  Clara  Valley.  The  purpose 
of  these  measurements  was  to  aid  in  determining,  roughly,  the  service 
these  pumps  were  performing  and  the  cost  of  the  water  they  raised. 
No  technical  refinement  was  aimed  at,  but  the  measurements  were 
made  carefully  and  the  results  are  within  practical  limits  of  accuracy. 
During  each,  test  every  effort  was  made  to  have  the  plant  being  tested 
run  as  nearly  as  possible  under  avei*age  conditions.  Wherever  prac- 
ticable a  weir  notch  of  the  trapezoidal  foiin,  1  to  3  feet  wide,  cut  in 
a  rough  board  dam,  was  inserted  in  the  ditch  leading  from  the  pump. 
In  this  connection  it  was  generally  necessary  to  build  up  the  banks  or 
to  deepen  the  channels  of  the  ditches  in  order  to  give  sufficient  depth 
below  the  weir  crest  to  permit  of  accurate  measurement.  Measure- 
ments were  taken  of  the  depth  of  water  on  the  crests  at  regular  inter- 
vals, varying  with  the  different  weirs  from  a  few  hours  to  several 
days.  In  a  few  cases  permanent  weir  boxes  were  installed  and  meas- 
urements made  for  the  entire  season.  With  a  few  of  the  larger  plants 
the  discharges  were  gauged  with  a  current  meter. 

The  results  from  60  of  the  68  plants  tested  are  summarized  and  tabu- 
lated on  page  88,  together  with  data  regarding  the  power  used,  the  area 
irrigated,  the  total  quantity  of  water  used,  the  height  it  was  lifted,  and 
the  various  items  of  cost.  The  remaining  plants  are  not  embraced  in 
the  table  because  of  their  showing  abnormal  conditions.  The  plants 
are  numbered  for  purposes  of  reference. 
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Summary  of  data  concerning  C09t  and  duty  of  waier  under  60  pumping  pUxnts  in  Santa 

Clara  Valley  in  1904. 


No. 

of 

plant 


Power. 


Dift- 
chai^. 


Area 
watered. 


Amount 
of  water 
raised 
during 
season. 


Depth 
of 

water 
applied 
during 


Height 
water 
raised. 


Cost  of 

water 

per 

acre. 


Cost  of 
water 
per 
acre- 
foot. 


Cost  of 
raising  1 
acre-foot 
of  water 

Ifoot 
(i.e.,per 
loot-acre- 

foot) 


Total 

cost  of 

water 

for 


Steam 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

Gas 

Steam 

Gas 

Steam 

Gas 

do.... 

Steam 

Gas 

Steam 

do.... 

Gas 

Steam — 

do.... 

Gas 

do.... 

Steam — 

Gas 

do.... 

Steam 

Gas 

do.-.. 

Electric . . 

Steam 

do.... 

do.... 

do.-.- 

do 

do.... 

do.... 

do.... 

do.... 

Gas 

Steam — 

do.... 

Steam.... 

do.... 

do.... 

do.... 

Gas 

do.... 

Steam 

Gas 

do.... 

Steam 

Gas 

Steam 

Gas 

Steam 

Gas 

do.... 

Steam 


Totals  or 
averages. 


Ou./t. 

per  tec. 

1.56 

1.10 

.76 
2. 34 
2.84 
2.55 

.90 
1.18 
1.18 

.72 
1.42 

.92 
1.04 

.98 

.72 
1.88 

.45 

.75 
1.98 

.53 
1.28 
1.82 
1.84 
1.01 
2.83 
1.29 
1.29 
2.56 
2.07 
2.07 
2.11 

.98 

.92 
2.53 
1.30 
1.55 
2.17 
1.22 
1.29 
1.81 

.82 
1.87 

.81  , 
2.28 
1.22 
2.18 
1.87 
1.17 
1.28 
1.86 

.22 
1.85 
1.15 
1.28 
2.70 

.18 
1.75 

.58 

.71 

.85 


Acres. 
150 
19 
28.5 
25 
15 
80 
22 
12.5 
15 
12 
« 
22.5 
18 
30 
25 
84 
24 
20 
38 
18 
50 
55 
75 
25 
70 
10.5 
11 
30 
19 
16 
15 
23 
21 
20 
40.5 
24 
10 
20 


70 

40 

73 
150 

88 

60 

85 

85 

45 

34 

80 

15 

41.5 

35 
189j 

14 

48.5 

21 

24i 

40 


Acre-feet. 
815.4 
85.6 
18.4 
88.7 
14.5 
31.6 
11.6 
14 

9.7 
14.4 
54.7 
17.8 

5.1 
54.1 
14.8 
21.2 
10.8 
16.6 
70.6 
17.4 
26.5 
74.5 
107.9 
19.4 
70.2 
49.4 
46.5 
89.7 
44.2 
24.5 
31.3 
28.8 
16.6 
48.2 
21.9 
22.4 
23.6 
18.6 
26.8 
86.4 
83 
45 
29 

158.5 
67.6 
60.6 
36.2 
28.9 
72.6 
65.4 
14.6 

9.4 
27.6 
88.6 
202.8 

2.3 
45.6 

9.5 
20.6 
67.2 


Feet. 

2.10 

1.87 

.67 

1.55 

.97 

1.05 

.58 

1.12 

.65 

1.20 

.64 

.79 

.28 

1.80 

.67 

.62 

.45 

.88 

1.86 

.97 

.58 

1.85 

1.44 

.78 

1.00 

4.70 

4.28 

1.82 

2.88 

1.53 

2.09 

1.25 

.79 

2.41 

.54 

.93 

2.36 

.68 

.77 

.43 

.47 

1.18 

.40 

1.06 

1.75 

1.01 

1.03 

.83 

1.61 

1.68 

.49 

.68 

.66 

1.10 

1.45 

.16 

1.05 

.45 

.85 

1.68 


Feet. 
110 

50 
140 

28 

28 

22 

70 

58 

68 

50 

76 

27 

86 

77 

27 

68 

44 

24 
115 

46 


24 

27.5 

19.5 

62 

52 

87 

43 

43 

84 

49 

55 

60 

98 

78 

91 
121 
100 

86 

58 

80 
118 

44 

91 

50 

88 

46 

88 

40 

23 

63 
102 

50 

60 

48 

59 
107 
116 
110 


no.  50 

10.37 
5.88 
5.96 
8.78 
3.77 
8.59 
6.60 
8.20 
8.88 
8.80 
2.68 
2.17 

11.40 
3.00 
2.44 
1.83 
5.55 
7.16 
6.89 
8.84 
6.96 
8.83 
1.44 
2.53 
8.95 
8.09 
8.80 
4.21 
2.81 
6.67 
7.80 
4.86 
5.75 
4.52 
8.75 

21.80 
8.65 
6.88 
2.56 
8.11 
9.18 
8.07 
2.47 

11.42 
2.58 
3.14 
3.84 
6.24 
6.09 
2.98 
2.18 
4.17 
6.88 
8.76 
1.00 
6.14 
8.81 
4.79 

12.12 


$4.99 
6.54 

10.22 
8.86 
8.86 
8.68 
6.81 
5.00 
4.96 
6.94 
6.90 
3.26 
7.65 
6.82 
6.24 
3.92 
4.07 
6.69 
3.86- 
7.18 
6.80 
4.40 
2.82 
1.86 
2.52 
1.90 
1.91 
2.49 
1.81 
1.84 
2.72 
6.83 
6.15 
2.39 
8.86 
4.02 
9.24 
5.37 
8.92 
6.99 
6.61 
8.16 
7.72 
2.33 
6.54 
2.56 
8.04 
4.06 
3.87 
8.12 
6.08 
8.40 
6.27 
6.19 
2.69 
6.09 
5.86 
8.42 
5.63 
7.22 


SO.  046 
.111 

>..073 
.187 
.188 
.168 
.097 
.086 
.065 
.139 
.079 
.121 
.089 
.082 
.194 
.068 
.093 
.279 
.084 
.165 
.072 
.050 
.096 

.oer? 

.129 
.087 
.087 
.067 
.042 
.048 
.060 
.119 
.112 
.040 
.090 
.056 
.101 
.044 
.090 
.070 
.125 
.102 
.066 
.058 
.072 
.051 
.060 
.068 
.102 
.078 
.262 
.064 
.061 
.124 
.048 
.142 
.099 
.079 
.049 
.066 


n,676 

m 

137 

149 

66 

113 

79 

70 

48 

100 

828 

66 

89 

842 

76 

83 

44 

111 

272 

124 

167 

828 

260 

86 

177 

94 

89 

99 

80 

45 

86 

168 

102 

115 

188 

90 

218 

73 

289 

218 

218 

867 

224 

870 

877 

165 

110 

117 

281 

178 

88 

82 

178 

289 

624 

14 

267 

80 

116 

486 


2,272.1 


2,668.4 


1.13 


4.96 


4.88 


.066 


11.261 


Although  somewhat  cumbersome,  the  above  table  has  been  included 
because  of  the  value  it  may  have  locally  in  the  valley  and  because  it 
may  be  useful  for  generalizations  that  will  not  be  included  in  this 
report. 
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The  significant  figures  of  this  table  are  largely  grouped  under  the 
headings  of  costs.  Other  features,  however,  are  interesting,  and  in 
the  summaries  below  an  attempt  has  been  made  to  include  such  of 
them  as  seem  especially  useful.  In  each  case  the  60  plants  are  divided 
into  groups  in  order  to  show  the  most  common  condition: 

Summary  of  60  pumping  plants  classified  according  to  the  cost  of  raising  1  acre-foot  of 
ttxUer  Ifoot  (that  is,  perfoot-acre-foot). 

Number  for  which  cost  is  under  6  cents  per  foot-acre-foot 10 

Number  for  which  cost  is  5  to  10  cents  per  foot-acre-foot 31 

Number  for  which  cost  is  10  to  15  cents  per  foot-acre-foot 14 

Number  for  which  cost  is  over  15  cents  per  foot-acre-foot 5 

Summary  of  60  pumping  plants  classified  according  to  cost  of  vxjter  per  acre. 

Number  for  which  cost  is  under  $5  per  acre 35 

Number  for  which  cost  is  $5  to  |10  per  acre 19 

Number  for  which  cost  is  |10  to  |15  per  acre 5 

Number  for  which  cost  is  over  |15  per  acre 1 

Summary  of  60  pumping  plants  classified  according  to  depths  of  water  applied,    - 

Number  for  which  depth  applied  is  under  1  foot 29 

Number  for  which  depth  applied  is  1  to  2  feet 24 

Number  for  which  depth  applied  is  2  to  3  feet 5 

Number  for  which  depth  applied  is  over  3  feet 2 

Summary  of  60  pumping  plants  classified  according  to  quantity  of  water  discharged. 

Number  for  which  discharge  is  under  0.5  cubic  foot  per  second  (225 

gallons  per  nunute) 3 

Number  for  which  discharge  is  0.5  to  1  cubic  foot  per  second  (225 

to  450  gallons  per  minute) 16 

Number  for  which  discharge  is  1  to  2  cubic  feet  per  second  (450 

to  900  gallons  per  minute)  29 

Number  for  which  dischaiige  is  2  to  3  cubic  feet  per  second  (900  to 

1,350  gallons  per  minute) 13 

Of  the  60  plants,  the  above  classifications  show  the  largest  number 
to  fall  within  the  groups  under  which  the  duty  of  water  is  less  than 
1  acre- foot  per  acre,  the  cost  of  water  per  acre  under  $5,  the  cost  of 
each  acre-foot  of  water  raisec^l  foot  is  between  5  and  10  cents,  and  the 
discharge  of  the  pumps  is  between  1  and  2  cubic  feet  per  second,  or 
between  460  and  900  gallons  per  minute.  If  the  60  plants  were  further 
classified  as  above  it  would  be  found  that  for  a  majority  the  lifts  are 
between  25  and  75  feet,  that  38  are  steam  plants,  21  gas  plants,  and  1 
an  electric  plant,  and  that  the  largest  number  of  plants  water  areas  of 
less  than  25  acres. 

The  data  given  in  the  table  above  might  be  classified  in  a  number  of 
different  ways  according  to  the  information  desired.  The  summaries 
above  show  something  of  the  prevailing  practice  as  regards  the  more 
important  matters  covered  by  the  table.  Following  are  given  a  few 
deductions  having  particular  reference  to  costs. 
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RELATION  OF  OOSTS  TO  LIFT. 

The  table  on  page  88  shows  that  the  average  cost  of  raising  1  acre^ 
foot  of  water  1  foot  was  10.066  for  the  60  plants  included.  For  9  of 
the  plants  the  height  water  was  lifted  was  greater  than  100  feet,  yet 
of  these  9  the  cost  per  foot-acre-foot  was  in  only  two  cases,  numbers 
3  and  68,  above  the  average  of  $0,066.  If  only  the  cost  of  fuel  were 
to  be  considered,  the  cost  of  raising  1  acre-foot  of  water  1  foot  would 
most  probably  increase  with  an  increase  in  lift,  but  the  cost  of  attend- 
ance changes  this  condition,  and  is  very  frequently  found  to  be  the 
same  whether  the  lift  is  30  feet  or  100  feet. 

RELATION  OF  OOSTS  TO  SIZE  OF  PLANTS. 

It  may  be  stated  as  a  general  truth  that  the  operating  cost  of  pump- 
ing water  should  be  less  under  large  plants  than  under  small  ones, 
because  large  plants  can,  as  a  rule,  be  run  more  efficiently  than  small 
plants,  and  with  but  a  slight  increase  over  the  small  plants  in  the  cost 
of  attendance.  The  average  cost  per  acre-foot  of  water  under  the  60 
plants  was  $4.38.  Thirteen  of  the  60  plants  had  capacities  of  over  2 
cubic  feet  per  second,  or  of  900  gallons  per  minute,  and  the  cost  under 
these  averages  $3.21  per  acre-foot,  the  cost  under  all  but  one  of  the  13 
plants  being  below  the  average  of  $4.38  for  the  60.  Eighteen  of  ^he 
60  plants  had  capacities  of  less  than  1  cubic  foot  per  second,  or  of  450 
gallons  per  minute.  The  average  cost  of  water  per  acre-foot  for  these 
18  was  $6.47,  the  cost  under  all  but  two  being  above  the  average  of 
$4.38  for  the  60.  These  comparisons  bear  out  the  general  statement 
made  at  the  beginning  of  the  paragraph. 

OOMFABISON   OF    THE  OOST  OF   WATER   UNDER   DITGHE8  AND 
UNDER  FUKFING  FLANTS. 

The  average  quantity  of  water  used  per  acre  during  the  early  part 
of  1904  under  a  few  typical  ditches  of  the  Santa  Clara  Valley  was  as 

follows: 

Average  quantity  of  waier  used  per  acre. 

Acre-feet 

Statler  ditch 1.68 

Sorosis  and  Calkins  ditches 1. 76 

Pioneer  ditch 3.34 

Average 2. 22 

The  oflScers  of  the  Statler,  Sorosis,  and  Calkins  ditches,  in  addition 
to  supplying  the  needs  of  their  respective  stockholders,  sold  water  to 
outsiders  at  an  average  price  of  $2.10  per  acre-foot.  If  it  is  assumed 
that  those  who  purchased  water  at  this  rate  used  as  much  as  the  stock- 
holders, the  average  cost  to  the  former  would  be  $4.66  per  acre.  It 
is  reasonable  to  conclude,  however  that  the  purchaser  of  water  from 
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a  ditch  company  would  use  somewhat  less  than  one  who  owned  an 
interest  in  the  company.  This  view  is  strengthened  by  the  fact  that 
during  the  year  previous  the  average  cost  of  water  for  winter  irriga- 
tion on  130  orchards  was  $2.50  per  acre.  It  is  therefore  probable  that 
$4.66  per  acre  approaches  the  maximum  cost  of  water  for  winter  irri- 
gation and  that  the  average  is  considerably  less. 

As  regards  the  cost  of  water  under  pumping  plants,  some  orchard- 
ists,  as  has  been  stated,  own  their  plants,  while  others  buy  water  from 
a  neighboring  plant.  In  the  case  of  the  former  the  results  of  inves- 
tigations show  that  the  average  cost  for  operation  in  1904  was  $4.96 
per  acre.  This  sum  included  the  cost  of  fuel,  attendance,  and  slight 
repairs,  but  did  not  include  any  of  the  fixed  charges  which  would 
probably  average  fully  13  per  cent  of  the  capital  invested  in  the  plant. 
In  a  plant  whifch  cost  $2,000  and  irrigates  60  acres  the  fixed  charges 
would  amount  to  $260,  or  $5.20  per  acre  irrigated,  which  would  increase 
the  average  cost  from  $4.96  to  $10.16  per  acre. 

The  cost  of  water  under  pumping  plants  may  be  more  accurately 
determined,  perhaps,  by  ascertaining  the  rates  charged  by  the  owners 
of  plants  for  given  amounts  of  water  applied  on  adjoining  orchards. 
These  rates  are  usually  expressed  in  dollars  and  cents  per  hour  for  the 
use  of  the  stream  of  water  which  is  discharged  by  the  pump.  The 
sale  of  water  in  this  way  has  not  proven  wholly  satisfactory,  since  few 
measurements  of  the  amounts  delivered  have  been  made,  and  since  the 
purchaser  has  seldom  had  any  definite  idea  of  the  amount  of  water 
applied  to  his  orchard  in  a  given  time.  The  discharges  given  in  the 
following  table  were  measured  at  various  times,  and  the  rates  per  hour 
were  obtained  from  either  the  buyer  or  the  seller. 


Prices  paid  for  water  from  pumping  planU  in  1904  by  Santa  Clara  Valley  orchardists. 


No. 

Rate  per 
hour. 

Size  of 
chased. 

No. 

Rate  per 
hour. 

Size  of 
stream  pur- 
chased. 

1 

$1.00 
1.50 
.65 
1.25 
2.25 
1.60 
1.00 
2.00 
1.26 
2.50 
2.50 

• 

Cu.ft.per 

sec. 

1.87 

2.56 

2.07 

.98 
1.59 

.92 
2.52 
1.87 
1.85 
1.60 
1.23 

12 

92.00 

Cu.ft.per 
sec. 
1.76 

2 

IS 

1  Rn 

.86 

8 

14 1          1.26 

16 1.50 

16 1-50 

.81 

4 

1.18 

5 

l.OS 

6 

17 

1.50 

1  00 

.72 

7 

18 

.84 

8 

19 1         1.50 

20 1.75 

1.92 

9 

1.23 

10 

Average 

11 

1.55                    1-44 

The  average  rate  for  the  20  orchards  listed  in  the  preceding  table  is 
$1.55  per  hour  for  1,44  cubic  feet  per  second  delivered,  or  at  the  rate 
of  $13  per  acre-foot.  If  either  this  figure  or  the  figure  given  in  the 
preceding  paragraph  is  used,  the  cost  of  pumped  water  is  found  to  be 
over  twice  as  much  as  the  cost  of  creek  water  run  in  ditches. 
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MECHANICAL  TESTS  OF  PUMPS  AND  PUMPING  PLANTS  USED 

FOR  IRRIGATION. 

By  J.  N.  Lb  Gontb, 
Amdant  Profenor  of  Mechanical  Engineering,  UnivertUy  of  Oalifornicu 

INTKODXrCTOKT. 

During  the  past  year  the  division  of  irrigation  and  drainage  inves- 
tigations of  the  Office  of  Experiment  Stations,  United  States  Depart- 
ment of  Agriculture,  has  been  engaged  in  collecting  data  for  the  use 
of  the  irrigator  on  the  subject  of  the  cost  of  pumping  water  for  irriga- 
tion. The  work  has  consisted  of  the  collection  of  data,  first,  through 
the  medium  of  the  mails;  second,  through  actual  mechanical  tests  of 
pumping  plants  in  operation,  and,  third,  through  laboratory  tests  of 
several  leading  types  of  pumps. 

Of  these  three  general  sources  of  information  the  second  is  the  one 
principally  to  be  depended  on  for  the  cost  of  power,  and  the  first, 
together  with  general  information  on  the  market  value  of  machinery, 
for  the  cost  of  installation.  In  every  case  it  has  been  the  aim  to  select 
fairly  representative  plants  and  to  determine  the  cost  of  the  installa- 
tions complete,  then  to  measure  the  quantity  of  water  pumped  per 
hour,  the  actual  height  through  which  this  water  is  lifted,  and  the 
cost  for  the  fuel  or  other  source  of  power  necessary  to  accomplish 
this.  Other  expenses,  such  as  fixed  charges,  wear,  repairs,  and  those 
due  to  carelessness  and  ignorance,  have  not  been  estimated. 

The  collecting  of  data  through  the  medium  of  the  mails  and  the 
actual  work  in  the  field  has  been  carried  on  by  Mr.  A.  J.  Turner, 
formerly  agent  and  expert  of  this  Office.  In  part  of  this  work  he  has 
been  assisted  by  Mr.  James  Strachan.  The  laboratory  tests  of  pump- 
ing machinery  and  the  final  collecting  of  results  have  been  made  by  the 
writer.  The  work  so  far  accomplished  consists  of  the  collection  of 
data  on  something  like  500  pumping  plants  scattered  over  the  State  of 
California.  The  returns  from  some  of  these  are  complete,  from  others 
but  fragmentary;  but  the  whole,  arranged  in  the  form  of  a  card  index, 
have  been  of  great  service.  The  work  consists  also  of  mechanical  tests 
on  19  plants  situated  in  the  Santa  Clara  Valley,  in  the  San  Joaquin 
Valley,  and  in  southern  California  near  Riverside.  Among  these  19 
plants  are  included  some  operated  by  gasoline  engines,  electric  motors, 
and  steam  engines,  and  some  using  both  centrifugal  and  plunger 
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pumps.  Laboratory  tests  have  been  made  to  determine  the  exact  effi- 
ciency, for  various  speeds  and  beads,  of  tbree  of  the  more  prominent 
makes  of  centrifugals  and  of  one  make  of  reciprocating  pump. 

FIELD  TESTS. 
WOBE  PBEFABATOBY  TO  THE  TESTS. 

Before  entering  the  field  for  the  purpose  of  testing  plants  much 
preliminary  work  was  necessary,  which  caused  considerable  delay. 
Apparatus  had  first  to  be  purchased  and  constructed.  In  regard  to 
the  first  item,  the  purchase  of  the  following  apparatus  was  allowed: 
Two  steam-engine  indicators  with  attachments  for  indicating  gas 
engines  and  with  reducing  motion  complete,  2  indicating  wattmeters 
with  a  range  from  zero  to  15  kilowatts  at  300  volts,  1  alternating 
current  voltmeter,  one  60-pound  pressure  gauge,  1  vacuum  gauge,  one 
75-foot  tape,  1  speed  counter,  1  level,  and  2  hydrometers. 

These  instruments,  where  necessary,  were  calibrated.  For  example, 
the  springs  of  the  indicators  were  tested  on  the  gauge-testing  appara- 
tus of  the  mechanical  laboratory  at  Berkeley,  and  were  found  to  be  cor- 
rect within  the  necessary  limit  of  error.  The 'gauges  were  similarly 
tested  and  a  scale  of  corrections  applied  where  needed.  In  order  to 
be  certain  that  their  constants  did  not  change,  they  were  frequently 
checked  against  standard  test  gauges.  The  wattmeters  are,  for  our 
purposes  at  least,  standard,  and  no  calibration  of  these  is  necessary. 

To  aid  in  the  measurement  of  water  in  localities  where  it  was  diffi- 
cult to  install  a  permanent  weir  a  portable  weir  box  has  been  con- 
structed. This  consists  of  an  oiled  canvas  box  6  feet  wide,  10  feet 
long,  and  2  feet  deep,  surrounded  with  a  rim  of  iron  pipe.  A  3- foot 
rectangular  weir  is  inserted  in  one  end,  and  baffle  plates  arranged  to 
still  the  water.  The  whole  can  be  folded  up  in  a  form  convenient  for 
transportation. 

KETH0D8  FUBSTTBD. 

In  making  a  mechanical  test  of  a  pumping  plant  of  the  ordinary 
type  there  are  necessary  to  be  known  all  of  the  following  quantities: 
(1)  The  power  developed  within  the  engine  or  motor;  (2)  the  amount 
of  fuel  or  electrical  energy  used  in  maintaining  this  power  for  a  given 
length  of  time,  and,  in  the  case  of  the  steam  engine,  the  amount  of 
water  evaporated  in  the  boiler;  (3)  the  market  value  of  fuel  or  elec- 
trical energy;  (4)  the  gauge  head  against  which  the  pump  operates;  (5) 
the  total  measured  lift  of  the  pump;  and  (6)  the  volume  of  water  pumped 
per  minute  or  hour.  The  first  of  these  is  measured  by  the  indicator 
in  case  the  power  is  obtained  from  an  engine,  or  by  one  or  two  watt- 
meters where  the  power  is  electrical.  For  a  steam  engine  of  ordinary 
dimensions  and  for  some  kmds  of  gasoline  engines  the  indicator  gives 
quite  accurate  results — quite  as  close  as  a  weir  is  for  the  measurement 
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of  water.  For  other  kinds  of  gasoline  engines  the  results  are  far 
from  being  good.  Fortunately,  however,  the  reading  of  the  indicator 
affects  in  no  way  the  final  measurement  of  the  cost  of  pumping,  though 
its  indications  are  important  ^n  showing  where  the  losses  occur.  The 
wattmeter  is  a  far  more  precise  instrument  than  the  indicator  when 
used  with  an  oil  engine.  The  amount  of  oil  used  by  an  engine  was 
generally  measured  as  follows:  The  position  of  the  surface  of  the  oil 
in  the  supply  tank  was  noted  at  the  beginning  of  the  test.  After  the 
test  a  weighed  quantity  of  oil  of  the  same  kind  was  poured  into  the 
tank  until  the  surface  was  brought  back  to  the  same  position.  The 
amount  remaining  was  weighed,  and  this  subtracted  from  the  original 
amount  is  the  weight  used  by  the  engine.  The  density  of  the  oil  being 
taken  with  the  hydrometer,  the  volume  can  be  computed.  In  the  case 
of  larger  quantities  of  crude  oil  used  in  steam  plants  the  volume  was 
computed  from  the  dimensions  of  the  oil  tank,  and  the  fall  in  surface 
level,  or  by  actual  weight,  and  the  same  method  is  pursued  to  measure 
the  water  evaporated  by  a  boiler.  The  gauge  head  pumped  against  was 
measured  by  the  two  gauges  inserted  at  right  angles  to  the  inlet  and 
outlet  pipes  of  the  pumps,  due  allowance  being  made  for  their  differ- 
ence in  level.  In  certain  cases  where  it  was  not  possible  to  attach  a 
pressure  gauge,  the  gauge  head  above  the  pump  had  to  be  estimated 
from  the  measured  lift.  In  a  few  cases  where  it  was  not  possible  to 
measure  the  suction  lift,  it  had  to  be  estimated  from  the  vacuum-gauge 
readings.  In  regard  to  these  two,  the  measured  lift  is  of  more  impor- 
tance, from  our  standpoint,  than  the  gauge  head,  and  similarly  the  oil 
used  per  hour  is  of  more  value  than  the  indicated  horsepower.  If  we 
have  the  quantity  of  fuel  or  electrical  energy  used,  the  measured  lift, 
and  the  quantity  of  water  pumped  per  minute,  the  most  important 
part  of  our  test  is  complete.  All  other  measurements  are  inteimediate 
and  serve  to  show  the  points  at  which  power  is  lost  in  the  system. 
Finally^,  the  discharge  from  the  pump  has  in  every  test  been  measured 
with  a  weir.  In  most  cases  permanent  weirs  were  placed  by  the  par- 
ties owning  the  plants,  so  as  to  be  used  in  the  future  for  a  continuous 
record.  In  some  instances  very  good  weirs  were  found  already 
installed,  and  in  others  the  portable  weir  box  was  used.  The  depths 
on  the  weirs  were  measured  to  within  one-sixteenth  of  an  inch  only, 
further  refinement  not  being  considered  necessary. 

It  must  not  be  supposed  that  these  tests  are  of  the  highest  degree  of 
accuracy.  The  main  object  was  to  determine,  among  conditions  which 
varied  to  some  extent,  the  cost  of  pumping  water  on  a  small  scale,  and 
a  wide  field  had  to  be  covered  in  a  short  time. 

Difficulties  were  encountered  in  making  these  tests,  which  caused 
much  loss  of  time.  Many  excellent  plants  could  not  be  tested  owing 
to  interference  with  irrigation  in  progress.  Ail  oil  and  steam  engines 
are  not  fitted  with  indicator  attachments,  without  which  a  complete 
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test  is  not  possible.  Many  pumps  have  no  provision  for  attaching 
gauges,  and  often  a  plant  can  not  be  shut  down  to  make  changes,  or  the 
owner  is  not  willing  that  such  changes  be  made.  Voltages  on  electric 
motors  vary  widely,  and  unless  within  the  range  of  our  wattmeters 
transformers  have  to  be  inserted,  and  these  are  not  always  obtainable. 
In  some  instances  after  inserting  the  wattmeters  the  power  was  found 
to  be  beyond  the  range  of  one  of  them.  At  one  place  elaborate  prep- 
arations, occupying  several  days,  were  made  for  testing  a  certain  large 
plant,  but  the  test  had  to  be  abandoned  through  changes  in  the  plans 
of  the  owners.  From  this  it  is  seen  that  every  plant  is  not  in  a  posi- 
tion to  be  tested.  In  fact,  it  has  required  much  looking  about  among 
many  installations  and  over  a  wide  area  to  find  these  19  plants  where 
nearly  all  required  conditions  could  be  fulfilled. 

^    DBSCBIPTION  OF  FliANTS  AND  BESTJIiTS  OF  TESTS. 

In  the  tabulated  results,  which  are  described  below,  the  following 
terms  and  quantities  are  used: 

The  speed  of  the  engine  and  pump  is  taken  in  revolutions  per  minute. 

The  pressure  gauge  is  read  in  pounds  per  square  inch. 

The  vacuum  gauge  is  read  in  inches  of  mercury. 

The  discharge,  suction,  and  total  gauge  heads  are  read  in  feet. 

The  weir  is  read  in  inches,  except  where  the  portable  weir  box  is 
used,  and  there  it  is  read  in  feet.  The  discharge  of  the  weir  is  read 
in  gallons  per  minute,  the  foot-gallon  being  equal  to  231  cubic  inches 
and  weighing  about  8.36  pounds. 

By  hydraulic  horsepower  is  meant. 

Gallons  per  minrite  X  total  gauge  head  X  62.5  _  gallons  per  minute  X  h 
448  X  550  3,942 

The  area  of  the  indicator  card  is  taken  in  square  inches,  and  its 
length  in  inches. 

By  the  number  of  the  indicator  spring  is  meant  that  pressure  per 
square  inch  which  will  move  the  pencil  1  inch  on  the  paper. 

The  mean  effective  pressure  is  taken  in  pounds  per  square  inch. 

The  indicated  horsepower  is  the  power  developed  within  the  engine 
cylinder. 

The  foot-gallon  is  the  amount  of  work  required  to  raise  a  gallon  of 
water  1  foot  high.  It  is  equal  to  8.36  foot-pounds.  A  foot-acre-foot 
is  the  amount  of  work  required  to  raise  an  acre-foot  of  water  1  foot. 
It  is  equal  to  2,712,000  foot-pounds. 

The  scale  for  the  density  of  oils  is  the  ordinary  Baum^  scale. 

A  kilowatt  hour  is  the  amount  of  electrical  energy  used  in  one  hour 
when  flowing  at  the  rate  of  1,000  watts. 

If  these  definitions  are  borne  in  mind  the  following  description  of 
the  tests  will  be  easily  understood. 
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PLANTS  USING  GASOLINE  OR  OIL  ENGINES. 

Plant  No.  1, — The  plant  owned  by  Mrs.  S.  L.  Winchester,  located 
near  Campbell  in  the  Santa  Clara  Valley,  consists  of  a  35-horsepower 
gasoline  engine,  a  No.  5  single-runner  vertical  centrifugal  pump. 
The  engine  cylinder  is  12  by  20  inches;  speed,  210  revolutions  per 
minute;  pulley,  76  by  14  inches;  belt,  12  inches.  The  suction  and 
discharge  openings  of  the  pump  are  5  inches  in  diameter,  the  discharge 
pipe  8  inches  in  diameter  from  pump  to  floor  level,  enlarging  there  to 
12  inches  in  the  horizontal  lead  to 
the  weir  box.  There  are  two  6-inch 
suction  pipes  as  shown  in  figure  7. 
The  pump  is  direct  belted  with 
quarter-turn  belt  to  the  engine, 
28  feet  3  inches  between  centers. 
The  discharge  was  measured  over 
a  3-foot  rectangular  weir,  in  port- 
able weir  box.  Static  head  above 
pump  is  60  feet  (measured);  static 
head  below  pump  9  feet  (estimated); 
total  mean  lift,  69  feet. 

This  plant  is  a  type  of  the  great 
majority  of  pumping  installations 
used  in  this  district,  where  the  gaso- 
line engine  is  the  source  of  power. 
Its  general  armngement  is  shown 
in  sketch  (fig.  7).  In  these  plants 
the  pump  is  located  at  the  bottom 
of  a  rectangular  pit,  whose  depth 
is  dependent  on  the  plane  of  the 
ground  water,  and  from  which  the 
wells,  usually  from  1  to  6  in  num- 
ber, are  sunk.  These  wells  are 
usually  from  150  to  250  feet  in 
depth,  and  cased  with  perforated 
casing.  The  suction  pipes  are  about  40  feet  long,  and  should  be 
considerably  larger  than  the  pump  inlet.  The  check  valve  is  placed 
immediately  above  the  discharge  opening,  and  the  discharge  pipe 
increased  from  one  and  one-half  to  twice  the  diameter  of  the  opening. 
The  shaft  is  vertical  and  supported  at  intervals  by  bearings.  The 
engine  is  belted  with  a  single  quarter-turn  belt,  which  is  the  best 
possible  arrangement  under  the  circumstances.  The  general  arrange- 
ment of  machinery  here  shown  is  perhaps  the  best,  where  the  vertical 
centrifugal  pump  is  used,  and  providing  the  pump  is  running  at  its 
proper  speed  good  eflSciency  may  be  expected- 


Fig.  7.— Plan  of  pumping  plant  owned  by 
Mrs.  S.  L.  Winchester. 
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The  results  of  the  test  of  this  plant  are  given  in  the  following  table: 
Te9t  of  plant  No.  /,  oumed  by  Mrs.  S.  L.  Winchester,  March  16, 1904. 


Time. 

Revolutions 
per  minute. 

Dis- 
charge 
head. 

Suction 
head. 

Total 
head. 

Gallons 
per 
min- 
ute. 

Hy- 
draulic 
horse- 
power. 

Mean 

effective 
pressure, 
No.  120 
spring. 

Explo- 
sions per 
minute. 

102 
106 
105 
104 

108 
107 
106 
102 
100 
102 
99 
100 
106 
104 

Indi- 
cated 

En- 
gine. 

Pump. 

horse- 
power. 

10.40 

210 
212 
210 
210 

216 
216 
216 
216 
216 
216 
216 
216 
216 
216 

700 
780 
722 
728 

726' 

727 

727 

727 

725 

726 

727 

724 

780 

724 

68.1 
68.1 
63.1 
68.1 

68.1 
68.1 
63.1 
68.1 
68.1 
63.1 
63.1 
63.1 
63.1 
6S.1 

Fixt. 
12.8 
12.8 
18 
13.1 

18.1 
18.5 
13.5 
18.6 
13.7 
18.6 
13.6 
13.6 
18.7 
18.7 

75.9 
75.9 
76.1 
76.2 

76.2 
76.6 
76.6 
76.7 
76.8 
76.6 
76.7 
76.7 
76.8 
76.8 

900 
980 
984 
988 

984 
988 
968 
969 
980 
980 
976 
975 
975 
975 

16.8 
18.8 
19 
19 

18.9 

19.1 

19.1 

17.3 

19 

19 

19 

19 

18.9 

lft.9 

Poundt. 
62.8 
62.1 
62.4 
64.2 

67.9 

56.6 

69.3 

61.4 

66 

66.9 

64.8 

66.8 

68.7 

66.8 

86.6 

11.00 

87.8 

11.20 

87.4 

11.40 

88.2 

Shut  down. 
1.80 

35.7 

1.60 

84.6 

2.10 

86.6 

2.30 

86.8 

2.50 

87.1 

8.10 

88.1 

3.30 

86.6 

3.50 

87.6 

4.10 

81.6 

4,30 

89.6 

Average.. 

214 

724 

68.1 

18.4 

76.8 

980 

18.9 

61.8 

104 

86.67 

The  combined  efficiency  of  engine  and  pump  was  51.7  per  cent.  The 
oil  used  was  48^  engine  distillate,  costing  11.5  cents  per  gallon  at  the 
warehouse  or  12  cents  delivered;  density,  0.794;  total  oil  used,  149.5 

pounds  in  four  hours — 22.6 
gallons  in  four  hours,  or  5.65 
gallons  per  hour  and  0.155 
gallon  per  indicated  horse- 
power hour.  At  12  cents 
per  gallon  the  cost  of  fuel 
is  67.8  cents  per  hour.  The 
total  mean  lift  of  the  pump 
being  69  feet,  and  the  quan- 
tity of  water  pumped  per 
minute  being  980  gallons, 
the  total  amount  pumped  per 
hour  is  58,800  gallons,  and 
the  useful  work  done  in  an 
hour  4,058,000  foot-gallons, 
at  a  cost  of  67.8  cents.  Hence 
the  cost  per  1,000,000  foot- 
gallons  is  16.7  cents;  the  oil 
per  1,000,000  foot-gallons  is 
1.39  gallons;  the  cost  per 
foot-acre-foot  is  5.42  cents;  and  the  oil  per  foot-acre-foot  is  0.45  gallon. 
A  plant  of  this  type  requires  little  expense  for  attendance,  the 
attendant  doing  other  work  most  of  the  time.  The  cost  of  the  instal- 
lation (1895)  is  said  to  have  been  $3,000. 

Plant  No.  ^.— The  plant  owned  by  J.  C.  Lewis  is  located  at  Eden- 
vale,  in  the  Santa  Clara  Valley.     It  consists  of  a  22-horsepower  gaso- 


Fio.  8.~Pian  of  pumping  plant  owned  by  J.  C.  Lewis. 
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line  engine  and  a  No.  5  single-runner  vertical  centrifugal  pump. 
The  engine  cylinder  is  11  by  12  inches;  speed  240  revolutions  per 
minute;  pulley  31  by  10  inches,  and  belt  9  inches.  The  suction  and 
discharge  openings  of  the  pump  are  5  inches;  discharge  pipe  9  inches 
throughout;  two  suction  pipes  5  and  6  inches  in  diameter.  The  pump 
is  direct  belted  with  quarter-turn  belt  to  engine,  19  feet  8  inches 
between  centers.  The  water  is  measured  over  a  2. 5-foot  GipoUetti  weir 
put  in  for  test  and  left  in  place.  The  static  head  above  pump  is  27 
feet  8  inches  (measured);  the  static  head  below  pump  is  3  feet  (esti. 
mated);  the  total  mean  lift,  31  feet.  This  plant  is  practically  identical 
in  general  arrangement  with  the  preceding  one.  The  discharge  pipe 
empties  directly  into  the  flume  and  therefore  presents  no  sharp  turns 
to  obstruct  the  stream.  The  suction  head  is  remarkably  low;  in  fact, 
the  pump  is  often  completely  submerged  when  not  in  use.  The  sketch 
(fig.  8)  shows  the  main  features. 
The  results  of  the  test  are  given  in  the  following  table: 

Test  of  plant  No,  iP,  owned  by  J.  C.  Lewis,  April  £S,  1904* 


Time. 

Revolutions  per 
minute. 

Di»- 
charge 
head. 

Suction 
head. 

Total 
head. 

Gallons 
per 
min- 
ute. 

Hy- 
draulic 
horse- 
power. 

Mean 

effective 

pressure, 

No.  120 

spring. 

Explo- 
sions per 
minute. 

Indl. 
cated 

En- 
gine. 

Pump. 

horse- 
power. 

1.80 

239 
289 
289 
288 
289 
288 
288 
288 
288 
288 
288 

090 
092 
090 
088 
090 
600 
690 
690 
090 
690 
090 

28.8 
28.8 
28.8 
28.8 
28.3 
28.3 
28.3 
28.8 
28.8 
.  28.8 
28.8 

Feet. 
5.1 
4.9 
4.9 
7 
7 
7 
7.2 

?:1 

Feet. 
83.4 
83.2 
83.2 
85.8 
85.3 
85.3 
85.4 
86.7 
86.7 
86.7 
86.7 

831 
816 
796 
796 
796 
796 
796 
796 
796 
796 
796 



.- 

88.6 

89.8 

89.8 

89.6 

38.8 

89.6 

88.9 

89 

88 

38.8 

38.8 

119.6 

119.6 

119.5 

119 

120 

119 

119 

119 

119 

119 

119 

13.2 

2.00 

18.7 

2.80 

2.46 

18.7 
18.6 

8.00 

13.4 

8.16 

13.6 

8.80 

13.8 

8.45 

13.4 

4.00 

13 

4.16 ^... 

4.80 

18.3 
13.8 

Average  . 

288.4 

090 

28.8 

0.6 

84.9 

801 

7.009 

39.6 

119.2 

18.41 

The  combined  eflSciency  of  engine  and  pump  is  62.2  per  cent.  The 
oil  used  was  44°  engine  distillate,  costing  11.6  cents  per  gallon;  density, 
0.811.  The  total  oil  used  was  6.84  gallons  in  three  hours,  or  1.96  gal- 
lons per  bour  and  0.146  gallon  per  indicated  horsepower  hour.  At 
11.6  cents  per  gallon  the  cost  of  fuel  is  22.4  cents  per  hour.  The  total 
mean  lift  being  31  feet  and  the  quantity  per  minute  pumped  being  796 
gallons,  the  useful  work  per  hour  was  1,480,000  foot-gallons,  at  a  cost 
of  22.4  cents.  Hence  the  cost  per  1,000,000  foot-gallons  was  16. 1  cents, 
the  oil  per  1,000,000  foot-gallons  was  1.31  gallons,  the  cost  per  foot- 
acre-foot  was  4.9  cents,  and  the  oil  per  foot-acre- foot  was  0.42  gallon. 
For  purposes  of  comparison,  taking  the  cost  of  fuel  at  12  cents  per 
gallon,  these  figures  become:  Cost  per  1,000,000  foot-gallons,  16.8 
cents;  cost  per  foot-acre-foot,  6.12  cents. 

The  efficiency  of  this  plant  is  practically  the  same  as  that  of  No.  1. 
The  two  are  of  particular  interest  as  showing  the  results  obtained  from 
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a  low-lift  and  a  medium  high-lift  plant,  using  practically  identical 
machinery. 

Plant  No.  3. — ^The  plant  owned  by  William  Bogen,  located  at  Engle- 
wood  Ranch,  near  Campbell,  Santa  Clara  Valley,  consists  of  a  gasoline 
engine  and  a  No.  4  compound  double-runner  vertical  centrifugal 
pump.  The  engine  cylinder  is  11.6  by  18  inches;  speed,  190  revolu- 
tions per  minute;  pulley,  30  inches  in  diameter.  The  suction  and 
discharge  openings  of  the  pump  are  4  inches;  discharge  pipe,  7-inch 
casing  throughout,  with  one  short-radius  elbow.  There  are  two  suc- 
tion pipes,  5  inches  in  diameter,  fitted  with  short-radius  elbows.  The 
engine  is  belted  straight  to  a  d6-inch  pulley  on  a  jack  shaft.    The 

pump  is  belted  with  quarter- 
turn  belt  to  60-inch  pulley 
on  jack  shaft  (fig.  9);  the 
pump  pulley  is  12  inches. 

The  water  was  measured 

over    a    3-foot    rectangular 

weir  in  portable  weir  box 

during  the  test.     A  24i-inch 

Cipolletti  weir  was  placed  by 

our  party  March  22,  1904. 

The  static  head  above  pump 

was  80  feet  (measured);  the 

static  head  below  pump,  9 

feet  (measured);  total  mean 

lift,   89   feet.     The  general 

arrangement  of  machinery  is 

indicated  in  figure  9.     The 

installation  of  the  pump  is 

practically  the  same  as  in  No.  1,  but  the  engine  is  belted  to  a  jack 

shaft,  and  this  to  the  pump,  presumably  to  get  the  proper  speed  on 

the  latter.    The  suction  head  is  low. 

The  results  of  the  test  are  given  in  the  following  table: 


Fig.  9.~Plan  of  pumping  plant  owned  by  William  Bogen. 


Test  of  plant  No.  S^  owned  by 

William  Bogen,  March  $1,  1904. 

Time. 

Revolutions 
per  minute. 

Di8- 
chaive 

Suction 
head. 

ToUl 
head. 

Gallons 
minute. 

Hy- 
draulic 
horse- 
power. 

Mean 

effective 

pressure, 

No.  120 

spring. 

Explo- 
sions per 
minute. 

Indi- 
cated 

Engine. 

Pump. 

horse- 
power. 

11.35 

189 
189 
18S 
18S 
189 
187 
187 
187 
188 
188 

780 
780 
747 
747 
767 
760 
766 
762 
760 
760 

Foet. 

78.8 
78.8 
78.8 
78.8 
78.8 
78.8 
78.8 
78.8 
78.8 
78.8 

FbeL 
12.6 
13.7 
14.2 
14.4 
14.6 
14.6 
16.1 
16.3 
16.6 
16.9 

91.4 
92.6 
92.9 
98.2 
93.8 
94.8 
98.9 
94.1 
94.8 
94.7 

841 
830 
836 
336 
830 
847 
847 
344 
836 
833 

Pounds. 
60 
60.2 
68.7 
68 
48.2 
60.1 
47.5 
48.6 
55 
63.8 

94 
76 
74 
78 
86 
80 
86 
80 
80 
80 

22.2 

12. 25 

21.3 

12. 45 

20.6 

1.05 

21.4 

1.26 

19.4 

2. 05 

18.9 

2. 26 

19.8 

2  45     

18.8 

3. 06 

20.8 

8.26 

20.8 

Average.. 

187 

762 

78.8 

14.6 

93.47 

888 

8.01 

63 

81.2 

20.24 
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The  combined  efficiency  of  engine  and  pump  is  39  per  cent  The 
oil  used  was  48^  (iistillate,  costing  11.6  cents  at  the  warehouse,  or  12 
cents  per  gallon  delivered;  density,  0.794.  The  total  oil  used  was 
14.43  gallons  in  three  hours  fifty  minutes,  or  3.76  gallons  per  hour, 
and  0.186  gallon  per  indicated  horsepower  hour.  At  12  cents  per 
gallon  the  cost  of  fuel  is  45.1  cents  per  hour.  Taking  the  total 
lift  at  89  feet  and  the  quantity  of  water  pumped  at  338  gallons  per 
minute,  the  useful  work  done  in  an  hour  was  1,808,000  foot-gallons, 
costing  for  fuel  46.1  cents.  Hence  the  cost  per  1,000,000  foot-gallons 
was  26  cents;  oil  per  1,000,000  foot-gallons  2.08  gallons;  cost  per  foot- 
acre-foot  8.11  cents,  and  oil  per  foot-acre-foot  0.67  gallon. 

The  comparatively  great  expense  of  operating  this  plant  is  due  to 
several  causes.  In  the  first  place  the  amount  of  oil  used  by  the  engine 
is  excessive  (0.186  gallon  per  indicated  horsepower  per  hour).  The 
intervention  of  the  jack  shaft  in  the  belting  scheme  is  a  bad  one,  and 
wastes  a  great  deal  of  power.  Furthennore,  short-radius  elbows  are 
not  to  be  used  except  where  absolutely  necessary,  and  also  the  water 
is  lifted  a  foot  too  high.  Finally,  the  smaller  size  of  pump  (No.  4)  can 
not  give  as  high .  an  efficiency  as  the  No.  5  pumps  of  the  preceding 
tests,  other  things  being  equal.  There  appears  to  be  no  good  reason 
why  a  single  pulley  60  inches  in  diameter  on  the  engine  and  a  direct 
quarter-turn  belt  could  not  have  been  included  in  the  original  design. 
Leaving  out  of  account  any  possible  error  in  the  design  of  this  class 
of  pump,  it  is  evident  that  if  this  plant  operated  at  an  efficiency  equal 
to  the  two  preceding,  the  cost  for  fuel  would  not  have  exceeded  29 
cents  per  hour.  In  other  words,  the  loss  per  hour  due  to  this  cause 
is  16  cents,  which  in  a  month  of  continuous  running  (ten  hours  per 
day  for  twenty-six  days)  amounts  to  $41.50. 

The  cost  of  this  installation  complete  is  said  to  have  been  $3,500.  ' 

Plant  No.  ^. — The  plant  owned  by  S.  K.  Jackson,  Santa  Clara  Val- 
ley, consists  of  a  26-horsepower  gasoline  engine  and  a  No.  4  single- 
runner  vertical  centrifugal  pump.  The  engine  cylinder  is  12  by  17 
inches;  speed,  190  revolutions  per  minute;  pulley,  60  inches  diameter; 
and  belt,  8  inches.  The  inlet  and  outlet  openings  of  the  pump  are  4 
inches  in  diameter,  discharge  pipe  7i  inches  throughout,  with  one  90° 
elbow.  There  are  two  suction  pipes,  4  inches  in  diameter.  The  pump 
is  direct  belted  to  engine  with  quarter-turn  belt.  The  water  is  meas- 
ured over  a  24-inch  Cipolletti  weir  put  in  for  test  and  left  in  place. 
The  static  head  above  the  pump  is  53  feet  7  inches  (measured);  the 
static  head  below  pump  26  feet  (measured);  total  mean  lift  about  80 
feet. 

This  plant  is  similar  in  all  respects,  except  size  and  make  of  pump 
and  engine  to  No.  1,  and  therefore  no  sketch  is  shown.  In  running 
this  test  trouble  was  occasioned  by  hot  crank-pin  brasses,  which  neces- 
sitated a  shut  down  from  1.33  to  1.57  p.  m. 
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The  results  of  the  test  are  ^ven  in  the  following  table: 
Test  of  plant  No.  4,  owned  by  S,  K,  Jackion,  April  19,  1904. 


Time. 

ReTOlutions 

Di8- 
chaive 

Sactlon 
head. 

Total 
head. 

Gallons 

Hy- 
dniUic 

hone- 
power. 

Mean 

effective 

prearare. 

No.  120 

spring. 

Explo- 
fdons  per 
minute. 

Indi- 
cated 

Engine. 

Pump. 

horse- 
power. 

11.15 

172 
182 
177 
186 
188 
182 
184 

970 
988 
972 
1,000 
1,004 
968 
990 

Feet. 
64.6 
64.6 
64.6 
54.6 
64.6 
64.6 
64.6 

Feet. 
28.8 
27.2 
26.1 
30.6 
80 
27.2 
28.6 

FeeL 
78.8 
81.8 
80.7 
85.2 
84.6 
81.8 
88.2 

878 
451 
402 
476 
451 
402 
426 

7.6 
9.8 
8.2 
10.2 
9.6 
8.8 
8.9 

Ftnmit. 
68.4 
67.9 
66.8 
61.6 
64.0 
60.4 
62.8 

86 

91 

88.5 

98 

94 

91 

92 

28 

11.45 

25 

12.15 

23.4 

12.46 

22.8 

1.05 

24.1 

2.15 

21.8 

2, 45 

28.1 

Average. . 

182 

987 

54.6 

27.6        82.2 

426.6 

8.89 

53.7 

90.8 

23.81 

The  combined  efficiency  of  engine  and  pump  was  45  per  cent.    The 
oil  used  was  49^  distillate,  costing  10.6  cents  per  gallon;  density, 

0.790.  The  total  oil  used 
was  10.59  gallons  in  three 
hours  and  twenty-six  min- 
utes, or  3.086  gallons  per 
hour  and  0.132  gallon  per  in- 
dicated horsepower  per  hour. 
At  10.5  cents  per  gallon  the 
cost  per  hour  for  fuel  is  32.4 
cents.  The  total  mean  lift 
being  80  feet  and  the  quan- 
tity of  water  pumped  per 
minute  being  427  gallons,  the 
useful  work  in  an  hour  is 
2,050,000  foot-gallons,  at  a 
cost  of  32.4  cents.  Hence, 
cost  per  1,000,000  foot-gal- 
lons is  15.8  cents;  oil  per 
1,000,000  foot-gallons,  1.5 
gallons;  cost  per  foot-acre- 
foot,  5.16  cents,  and  oil  per 
foot-acre-foot  0.49  gallon.  Using  distillate  at  the  uniform  price  of 
12  cents,  these  figures  become:  Cost  per  1,000,000  foot-gallons,  18 
cents;  cost  per  foot-acre-foot,  5.84  cents.  Further  information  fur- 
nished by  the  owner  of  the  plant  develops  the  fact  that  he  is 
accustomed  to  use  a  tank  of  from  108  to  109  gallons  during  thirty-six 
hours'  run.  This  is  at  the  rate  of  3.02  gallons  per  hour,  a  result 
practically  identical  with  the  test.  The  following  are  said  to  be  the 
costs  of  the  installation:  Engine,  $1,200;  pump,  with  shaft,  $300; 
wells,  $800;  erection  and  building,  $200;  total,  $2,500. 


lO.^Plan  of  pumping  plant  owned  by  S.  H.  Shelley. 
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Plant  No.  5. —This  plant,  owned  by  S.  H.  Shelley,  Santa  Clara 
Valley,  consists  of  a  19-horsepower  gas  engine,  furnished  with  a 
retort  and  a  No.  4  single-runner  vertical  centrifugal  pump.  The 
engine  cylinder  is  8.5  by  16  inches;  speed,  240  revolutions  per  minute; 
'  pulley,  48  inches  in  diameter;  belt,  8  inches.  The  inlet  and  outlet 
pipes  of  the  pump  are  4  inches  in  diameter;  the  discharge  pipe,  8 
inches  in  diameter  to  flume,  but  with  6-inch  side  outlet  5  feet  long  to 
weir  box.  This  latter  was  used  on  test.  There  are  three  suction 
pipes,  two  5  inches  in  diameter  and  one  4  inches  in  diameter,  as  shown 
in  sketch  (fig.  10).  The  pump  is  direct  connected  with  quarter-turn 
belt  to  engine,  with  32  feet  between  centers.  The  water  was  measured 
over  a  16-inch  rectangular  weir  put  in  for  test  and  left  in  place.  The 
static  head  above  pump  is  75  feet  6  inches  (measured);  the  static  head 
below  pump,  12  feet  (measured);  the  total  mean  lift,  87  feet  6  inches. 

This  pump  was  worn  and  leaking,  due  to  bad  usage  and  badly 
balanced  runner,  which  caused  heating  and  wear  within  the  pump. 
When  not  running  the  pump  was  covered  with  water,  and  when  running 
it  was  not  easy  to  insert  a  pressure  gauge  at  the  pump  on  account  of 
high  pressure.  The  vacuum-gauge  connection  was  already  in,  but  the 
gauge  head  on  the  discharge  had  to  be  estimated  from  the  measured 
head  and  f  rictional  losses. 

The  results  of  the  test  are  given  in  the  following  table: 

Test  oj  plant  No,  6,  owned  by  8,  H.  Shelley,  May  4,  1904^ 


Time. 

Revolutions 
per  minute 

Dis- 
charge 
head. 

Suction 
head. 

Totol 
head. 

Gallons 
per 
min- 
ute. 

Hy- 
draulic 

horse- 
power. 

Mean 
effective 
pressure, 
No.  120 
spring. 

Explo- 
sions per 
minute. 

Indi- 
cated 

Engine. 

horse- 
power. 

10.27 

226 
228 
236 
227 
229 
236 
236 
226 
230 
284 
228 
229 
230 
228 
280 
280 
228 
232 
226 
232 

820 
830 
836 
828 
822 
836 
836 
820 
829 
888 
832 
828 
830 
827 
886 
836 
823 
830 
812 
822 

Fea. 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 

PteL 
8.8 
9.4 
10.9 
11.2 
10.8 
10.9 
10.9 
10.9 
10.1 
11.6 
11.6 
11.7 
11.8 
11.8 
12.1 
11.9 
10.4 
10.2 
9.6 
10.1 

Feet. 

84.8 
86.4 
86.9 
87.2 
86.8 
86.9 
86.9 
86.9 
86.1 
87.4 
87.6 
87.7 
87.8 
87.3 
88.1 
87.9 
86.4 
86.2 
86.5 
86.8 

226 
247 
247 
247 
240 
247 
247 
247 
240 
247 
247 
247 
283 
240 
266 
283 
188 
161 
184 
225 

4.8 
6.8 
6.4 
6.4 
6.8 
6.4 
6.4 
6.4 
6.2 
5.6 
6  6 
6.6 
6.3 
6.8 
6.7 
6.2 
8.0 
8.8 
4.0 
4.9 

Pmmdt. 
72.8 
78.6 
77.1 
76.7 
72.4 
72.7 

118 

114 

118 

118.6 

114.6 

118 

17  6 

11,00 

19  4 

11.20 

19  6 

11.40 

18.6 

12.00 

17  9 

12.20 

18.6 

12.40 

1.00 

72.7 

74.0 

78.1 

74.8 

76.2 

76.8 

74.1 

74.6 

76.6 

a78.8 

a72.9 

a  73. 6 

a72.8 

118 

115 

117 

114 

114.6 

116 

114 

115 

116 

114 

116 

112.5 

116 

18  6 

1.20 

18  8 

1.40 

19  7 

2.00 

18.4 

2.20 

18  6 

2.40 

19 

8.00 

18  2 

3.20 

18.5 

8.40 

4.00 

19 
19.5 

4.20 

18  2 

4.40 

17.2 

4.67 

18.1 

Ayerage.. 

230 

828.8 

76 

10.8 

86.8 

229 

6.04 

74.9 

116.1 

18.66 

o  No.  200  spring. 


The  combined  efficiency  of  engine  and  pump  is  27  per  cent.  The  oil 
used  was  36.8^  Coalinga  oil,  costing  but  5  cents  a  gallon.  It  is  under- 
stood that  this  kind  of  oil  is  no  longer  on  the  market;  density,  0.845. 
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The  total  oil  used  was  126  pounds  in  six  and  one-half  hours;  17.89  gal- 
lons in  six  and  one-half  hours,  or  2.75  gallons  per  hour  and  0.148  gal- 
lon per  indicated  horsepower  per  hour.  At  5  cents  per  gallon,  the  cost 
of  fuel  is  13.75  cents  per  hour.  Taking  the  total  mean  lift  at  87  feet, 
and  the  discharge  at  229  gallons  per  minute,  the  useful  work  done  in  an 
hour  is  1,196,000  foot-gallons  at  a  cost  of  13.75  cents.  Hence  we  have: 
Cosit  per  1,000,000  foot-gallons,  11.5  cents;  oil  per  1,000,000  foot- 
gallons,  2.3  gallons;  cost  per.foot-acre-foot,  3.73  cents,  and  oil  per  foot- 
acre-foot,  0.75  gallon.  The  low  cost  in  this  case  5s  entirely  due  to  the 
cheapness  of  the  fuel  used,  for  otherwise  the  performance  of  the  plant 
is  exceptionally  poor.  It  can  not  be  stated  without  a  test  what 
efSciency  the  plant  would  give  with  the  12-cent  distillate  used  in  some 
of  the  others,  but  assuming  it  to  be  the  same,  since  the  engine  was  in 
no  way  responsible  for  the  bad  showing,  the  cost  per  hour  for  oper-. 
ating  the  plant  would  be  33  cents.  This  gives,  cost  per  1,000,000 
foot-gallons,  27.6  cents;  cost  per  foot-acre-foot,  9  cents. 

The  comparatively  low  eflSciency  of  this  plant  is  due  to  several 
causes,  the  principal  one  of  which  is  the  bad  condition  of  the  pump 
itself.  Being  badly  worn,  it  probably  leaked  air  at  the  stuffing  box, 
a  state  of  affairs  fatal  to  good  efficiency.  Again,  there  was  heating 
within  the  pump,  due  to  the  failure  of  the  water  balance  to  work  prop- 
erly, causing  a  loss  of  energy.  The  piping  of  the  suction  also  might 
have  been  improved  upon  b}^  inserting  the  "tee"  (see  fig.  10)  in  the 
horizontal  instead  of  in  the  vertical  branch.  The  plant  has,  since  this 
test,  been  overhauled  and  put  in  good  condition. 

Plant  JVo.  6. — ^This  plant  is  owned  by  S.  H.  Shelley,  Maybury 
road,  near  San  Jose,  Santa  Clam  Valley.  It  consists  of  a  19-horse- 
power  gas  engine  and  a  retort,  and  a  No.  5  single-runner  vertical 
centrifugal  pump.  The  engine  cylinder  is  8.5  by  15  inches;  speed,  220 
revolutions  per  minute;  pulley,  39  inches  in  diameter.  The  inlet  and 
outlet  pipes  of  the  pump  are  5  inches  in  diameter;  the  discharge  pipe 
8  inches  throughout,  with  one  long-radius  elbow.  There  are  two 
5-inch  suction  pipes.  The  pump  is  direct  belted  with  quarter-turn 
belt  to  engine,  with  26  feet  between  centers.  The  water  was  meas- 
ured over  a  2,5-foot  CipoUetti  weir  put  in  for  the  test  and  left  in 
place.  The  static  head  above  the  pump  is  52  feet  4  inch^  (measured); 
the  static  head  below  pump,  4  feet  (measured);  and  the  total  mean  lift 
about  56  feet.  This  plant  is  similar  in  arrangement  to  No.  1,  and 
therefore  no  sketch  is  appended.  Having  a  low  suction  lift  and  larger 
pump  with  exactly  similar  engine  and  fuel,  we  should  expect  better 
results  than  in  the  preceding.  The  results  of  the  test  are  given  in 
the  table  following. 
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Test  of  plant  No,  6,  owned  by  S,  H.  Shelley  y  May  7, 1904. 


Time. 

Revolutions 
per  minute. 

Dis- 
chaige 
head. 

Suction 
head. 

Total 
head. 

Gallons 
per 
min- 
ute. 

Hy- 
draulic 
horse- 
power. 

Mean 
eflfectlve 
pressure, 
No.  120 
spring. 

Explo- 
sions per 
minute. 

Indi- 
cated 

Engine 

Pump. 

horse- 
power. 

12.00 

224 
224 
224 
224 
224 
219 
218 
220 
220 
216 
224 
224 
226 
230 
230 
226 
230 
226 

700 
708 
708 
708 
714 
706 
700 
701 
709 
696 
702 
700 
719 
727 
780 
721 
727 
717 

Feet. 
63.7 
63.7 
53.7 
63.7 
58.7 
58.7 
63.7 
63.7 
53.7 
53.7 
53.7 
63.7 
63.7 
63.7 
63.7 
53.7 
63.7 
53.7 

Feet. 
3.7 
4.1 
4.1 
4.2 
4.3 
3.7 
4 

3.6 
3.7 
8.1 
4.1 
4.1 
4.2 
4.2 
4.2 
4.2 
5.7 
6.1 

Feet. 

67.4 

57.8 

57.8 

67.9 

58 

57.4 

67.7 

67.2 

67.4 

66.8 

67.8 

57.8 

67.9 

57.9 

67.9 

67.9 

59.4 

59.8 

Pounds. 
76.6 
76.2 
78.1 
78.9 
78.4 
81 

78.2 

78.2 

80.8 

82.8 

a78.7 

a  81. 7 

a  79 

a78.2 

a8S 

a83.6 

a78.1 

a78.1 

112 

112 

112 

112 

112 

109.5 

109 

110 

110 

108 

112 

112 

118 

115 

115 

113 

116 

113 

12.20    

12.40 

l.OO  .... 

1.20 

1.40 

2.00 

2.20    . . . 

2.40 

3.00 

8.20 

8.40 

4.00 

4.20 

4.40 

5.00 

6.20 

6.40 



Average. - 

224 

710.1 

68.7 

4.2 

57.88 

444.1 

6.63 

79.86 

111.9 

19.09 

a  No.  200  spring. 

The  combined  efficiency  of  en^ne  and  pump  is  34  per  cent.  The 
oil  used  was  36.7°  Coalinga  distillate,  costing  5  cents  per  gallon  (same 
as  No.  6);  density,  0.846.  The  total  oil  used,  14.04  gallons  in  six 
hours,  or  2.34  gallons  per  hour,  and  0.122  gallon  per  indicated  horse- 
power per  hour.  At  5  cents  per  gallon  the  cost  per  hou^^for  fuel  is 
11.7  cents.  From  the  total  mean  lift  of  56  feet  and  mean  discharge 
of  444  gallons  per  minute  we  find  that  the  work  done  per  hour  was 
1,499,000  foot-gallons,  at  a  cost  of  11.7  cents.  Hence  the  cost  per 
1,000,000  foot-gallons  was  7.84  cents;  oil  per  1,000,000  foot-gallons, 
1.57  gallons;  cost  per  foot-acre-foot,  2.54  cents,  and  oil  per  foot-acre- 
foot,  0.51  gallon.  Of  course  the  extremely  low  cost  is  due  principally 
to  the  cheap  fuel.  Putting  it  approximately  on  the  12-cent  per  gallon 
basis,  as  in  the  preceding  case,  we  find  the  cost  per  1,000,000  foot-gal- 
lons 18.8  cents,  and  the  cost  per  foot-acre-foot,  6.1  cents — not  as  good 
a  showing  as  made  by  Nos.  1  and  2.  This  plant  gives  a  very  fair 
result.  The  performance  of  the  engine  is  excellent,  for  we  find  but 
few  engines  fulfilling  their  guarantees  (one-eighth  gallon  per  brake 
horsepower  per  hour)  after  being  in  service,  and  pretty  severe  service 
at  that,  for  several  years. 

Plant  No.  7. — This  plant,  owned  by  Darrell  &  Schumacker,  Man- 
chester avenue,  Los  Angeles,  consists  of  a  22-horsepower  gasoline 
engine  and  a  No.  6  single-runner  vertical  centrifugal  pump.  The 
engine  cylinder  is  10.5  by  18  inches;  the  speed,  200  revolutions  per 
minute;  pulley,  40  inches  in  diameter;  belt,  10  inches.  The  inlet  and 
outlet  openings  of  the  pump  are  6  inches  in  diameter;  discharge  pipe, 
7  inches  outside  diameter,  casing  direct  to  flume  without  elbow.  There 
are  two  suction  pipes,  6  inches  in  diameter,  with  long-radius  screwed 
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elbows.  The  pump  is  direct  belted,  with  quarter-turn  belt  to  engine, 
with  10-inch  pulley,  26  feet  between  centers  (tig.  11).  The  water  was 
measured  over  a  24-inch  CipoUetti  weir  put  in  for  the  test  and  left  in 
place.  The  static  head  above  the  pump  is  20  feet  (measured);  the 
static  head  below  pump  is  11  feet  (measured),  and  the  total  mean  lift, 

31  feet.  The  test  on  this 
plant  is  incomplete  on  ac- 
count of  the  fact  that  our 
party  was  not  allowed  to 
measure  the  oil.  All  that 
could  be  obtained  on  the  sub- 
ject of  oil  consumption  was 
gathered  from  the  attendant, 
who  stated  on  one  occasion 
that  2  gallons  per  hour  were 
used,  and  on  another  that 
one-eighth  gallon  per  horse- 
power hour  was  the  con- 
sumption. The  former  is 
evidently  but  a  rough  ap- 
proximation, and  the  latter 
is  probably  the  builder's  rat 
ing.  Furthermore,  it  was 
not  practicable  to  insert  a 
gauge  on  the  pressure  side,  but  this  necessary  omission  does  not  in 
any  way  affect  the  final. or  gross  eflSciency.  The  gauge  head  has  been 
taken  as  the  static  lift  plus  the  computed  losses. 
The  results  of  the  test  are  given  in  the  following  table: 

Test  of  plant  No.  7,  owned  by  Darrell  <&  Schumacker^  June  11^  1904. 


Fig.  11.— Plan  of  pumping  plant  owned  by  Darrell  & 
Schumacker. 


Time. 


Revolutions 
,    per  minute. 

1  I 

I  Engine.  Pump. 


10.50 19H  ,        760 

11.00 198  749 

11.15 1  198  749 

11.30 1  198  755 

11.45 198  '        75.-) 

12.00 1  198  j        755 

12.15 198  1        7(\2 

12  30 198  I        7(H) 

Average-.,  198  7M 


Dis- 
charge 
tiead 


Feet. 
2\ 
21 
21 
21 
21 
21 
21 
21 


t               Gallons     Hy-  J^^'i-i^ 

Suction!   Total       per     draniic  .."^f  „: 

,  head.  ,  head,      mm-      horse-  »*<^;rV.2' 

I    ute.      power,  ^^^^'^f 


Feet 

13.0 
13  8 
13.8 
14.2 
14.3 
14.(1 
11.3 
11.3 


Explo- 
sions per 
minute. 


Indi- 
cated 
horse- 
power. 


JF^et. 
31.0 
34.8 

34  8 

35  2 
a5. 3 
3.5.6 
32  3 
32.3 


13.3  1      34  3 


I  Poutuh. 

fi('>5  (M 

(•»6.>  71.6 

752  , I  lk>.2 

782  74.1 

782  I I  77.9 

753  ' ,  78.6 

(>94  77.4 

694  1  67.8 

727  ,      6.32  ,  72.2 


67       i 

53      I 

50       

50      I 

49      1 

49       

49       

63      I 

52.5  .       18.29 


The  combined  efficiency  of  engine  and  pump  is  34.5  per  cent.  The 
oil  used  was  44  -  engine  distillate,  costing  10.5  cents  per  gallon;  density, 
0.811.  The  consumption  taken  at  0.13  gallons  per  indicated  horse- 
power per  hour,^  gives  2.38  gallons  per  hour  used,  costing  25  cents  pei 

"Average  consuniplion  shown  on  previous  testa. 
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hour.  The  useful  work  was  1,351,000  foot-gallons  in  one  hour.  Hence 
the  cost  per  1,000,000  foot-gallons  was  18.5  cents;  oil  per  1,000,000 
foot-gallons,*l. 76  gallons;  cost  per  foot-acre-foot,  6  cents;  oil  per  foot 
acre-foot,  0.57  gallon.  With  distillate  at  12  cents  per  gallon  these 
become:  Cost  per  1,000,000  foot-gallons,  22.2  cents;  cost  per  foot- 
acre- foot,  7.2  cents.  No  great  reliance  can  be  placed  upon  these 
results,  as  the  oil  was  not  actually  measured.  The  low  combined 
eflBciency,  no  doubt,  is  partly  due  to  the  small  discharge  pipe,  which 


Fig.  12— Plan  of  Hermosa  pumping  plant,  Portersville.  Cal. 

is  but  five-eighth  inch  larger  than  the  pump  outlet.     It  should  have 
been  8  or  10  inches  in  diameter,  connected  with  taper  fittings. 

Plant  No.  8. — ^The  Hermosa  plant,  at  Portersville^  San  Joaquin 
Valley,  consists  of  a30-horsepower  gasoline  engine,  and  a  deep  well  pis- 
ton pump  (fig.  12).  The  engine  cylinder  is  10  by  16  inches;  the  speed, 
270  revolutions  per  minute;  puUej",  28  inches  in  diameter;  the  belt, 
9  inches.  The  pump  is  a  double-acting  piston  pump,  two  pistons 
working  on  two  rods.  An  overlapping  stroke  on  the  pistons  is 
obtained  by  means  of  noncircular  gearing.     The  pump  barrel  is  9 
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by  24  inches.  The  discharge  pipe  is  10  inches  in  diameter;  there  is 
no  suction  pipe,  as  the  pump  is  operated  below  water.  The  pump  is 
belted  direct  to  engine,  with  16-foot  centers.  The  wat^r  is  measured 
over  a  16-inch  rectangular  weir  put  in  for  the  test  and  left  in  place. 
The  total  mean  lift  is  145  feet  (measured).  This  pump  discharges  its 
water  through  1,020  feet  of  redwood  pipe,  and  therefore  the  test  is 
not  quite  a  fair  comparison  with  those  on  preceding  plants,  for  the 
reason  that  it  not  only  has  to  lift  the  water,  but  also  transports  it  1,020 
feet,  encountering  frictional  resistance  the  whole  way.  Inasmuch, 
however,  as  the  pipe  is  large  (10  inches  in  diameter)  and  the  velocity 
small  (1.6  feet  per  second),  the  friction  head  will  be  small— smaller,  in 
fact,  than  in  most  direct-lift  plants.  We  therefore  insert  it  in  direct 
comparison  with  others.  The  engine  appeared  to  be  overrated, 
because  it  was  just  possible  to  keep  it  up  to  its  work,  and  the  brasses 
heated  badly.  The  belt  centers  were  also  too  short.  It  was  intended 
to  run  the  engine  on  crude  oil,  but  this  was  found  so  unsatisfactory 
with  the  retort  used  that  the  attempt  was  abandoned  and  distillate 
substituted. 

The  wells  are  two  in  number,  aunk  in  the  bottom  of  two  pits.  The 
.main  pit  is  6  feet  deep,  and  from  it  a  12-inch  well  is  sunk.  This  con- 
tains the  pump,  the  bottom  of  whose  cylinder  is  71  feet  below  the 
bottom  of  the  pit.  The  piston  rods  extend  upward  through  the  well 
to  the  crank  disks  on  the  engine-room  floor.  At  a  distance  of  70  feet 
from  this  pit  another  is  sunk  below  the  water  line,  connected  to  the 
main  well  by  a  tunnel,  and  fed  by  a  10-inch  well  sunk  in  its  bottom. 
It  was  in  this  pit  that  the  water  level  was  observed  during  the  test. 

The  results  of  the  test  are  given  in  the  following  table: 


Test 

of  plant  No,  8,  the  Hermom  plant,  May  21 

',  1904. 

Time. 

RevolnUons 
per  minute. 

Dis- 
chaixe 
head. 

Float 
read. 
Ing. 

• 

Total 
head. 

Feet. 
145.6 
146.2 
147 
147.4 
147.4 
147.4 
147.4 
147.4 
147.4 
147.6 
147.8 
148 
148.1 
148.2 

Gallons 
per 
min- 
ute. 

Hy- 
draulic 
horse- 
power. 

Mean 

effective 

pressure. 

No.  120 

spring. 

Pounds. 
69.2 

.     65.8 
66.1 
68.6 
71.5 
73.8 
65.3 
66.7 
68.5 
69.5 
70.4 
65.7 
68.1 
GfS.Z 

Explo- 
sions per 
minute. 

Indi- 
cated 

Engine. 

Pump. 

horse- 
power. 

10.40 

258 
255 
265 
270 
265 
272 
270 
268 
268 
263 
262 
267 
268 
267 

35 
34 
85 
86 
35 
36 
35 
85 
33 
36 
86 
35 
85 
35 

Feet. 

90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 

Ft.  In. 
65      4 
56      0 

56  10 

57  2 
57      2 
57      2 
57      2 
57      2 
57      2i 
57      5 
57      7 
57      9 

57  11 

58  0 

398 
373 
390 
381 
398 
398 
396 
348 
390 
398 
398 
398 
398 
398 

129 

127.5 

132.5 

135 

132.5 

136 

135 

134 

11.00 

11.20 

11.40 

12.00  

12.20 

12.40 

1.00 

1  20 

129 
131.5 

1.40 

2.00 

181       

2.20 

183.5  1 

2.40 

184      1 

3.00 

183.5  , 

1 

Average.. 

265 

85 

90 

147.86 

390.3 

14.59 

68.25 

182.4 

28.68 

The  combined  efficiency  of  engine  and  pump  is  51  per  cent.  The 
oil  used  was  48°  distillate,  costing  12  cents  per  gallon.  The  total  oil 
used  was  11.82  gallons  in  two  hoars  forty  minutes,  or  4.43  gallons 
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per  hour  and  0.154  gallon  per  indicated  horsepower  per  hour.  At  12 
cents  per  gallon  the  cost  of  fuel  per  hour  is  53.2  cents.  The  useful 
work  done  in  an  hour  is  3,470,000  foot-gallons,  at  a  cost  of  53.2  cents. 
Hence  the  cost  per  1,000,000  foot-gallons  is  15.3  cents;  the  oil  used 
per  1,000,000  foot-gallons,  1.28  gallons;  the  cost  per  foot-acre-foot, 
4.97  cents,  and  the  oil  per  foot-acre^oot,  0.42  gallon. 

Plant  Noi  9. — This  plant,  owned  by  the  Chase  Nursery,  Corona, 
Riverside  County,  Cal.,  consists  of  a  75-horsepower  gasoline  engine  and 
a  triplex  plunger  pump  (fig.  13).  The  engine  cylinders,  3  in  number, 
measure  11  by  12  inches;  the  speed  is  290  revolutions  per  minute. 


EI^^ 


FiQ.  13.— Plan  of  pumping  plant  at  Chase  Nursery,  Corona,  Cal. 

The  engine  is  direct  connected  to  the  pump  and  is  fitted  with  a  retort. 
The  pump  cylinders,  3  in  number,  are  14  by  12  inches;  the  suction 
pipe,  12  inches  in  diameter  with  1  elbow;  discharge  pipe,  10  inches 
at  pump,  with  1  elbow  and  check  valve,  enlarging  to  18  inches 
outside  the  pump  house.  The  water  is  measured  over  a  25- inch  rec- 
tangular weir  at  the  upper  point  (No.  3),  and  a  36-inch  rectangular 
weir  at  lower  point  (No.  2).  The  weirs  were  already  in  place  and 
were  used  with  small  alterations.  The  total  mean  lift  to  point  No.  3 
is  195  feet  (measured);  the  total  mean  lift  to  point  No.  2,  133  feet 
(measured).  In  this  plant  the  water  is  drawn  from  a  canal  under  a 
low  head  and  forced  directly  into  a  main  4,210  feet  in  length.     The 
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first  section  nearest  to  the  pump  is  18  inches  in  diameter,  1,660  feet 
in  length,  and  is  carried  to  a  point  80  feet  above  the  pump,  where 
outlet  No.  1  is  taken  oflf.  Above  this  is  1,215  feet  of  16-inch  pipe  to 
outlet  No.  2,  133  feet  above  the  pump,  and  the  last  section,  consisting 
of  1,356  feet  of  14-inch  pipe,  reaching  an  elevation  of  200  feet  at 
outlet  No.  3. 

The  engine  could  not  be  satisfactorily  indicated,  owing  to  the  exces- 
sive vibrations  of  the  pencil  on  the  drum  of  the  indicator.  The  indi- 
cated horsepower  and  combined  efficiency  are  therefore  not  given. 
The  pump  is  of  the  ordinary  geared  triplex  type,  with  a  check 
valve  in  the  discharge.  In  starting,  a  by-pass  is  opened,  and  this 
is  closed  when  the  engine  is  up  to  speed.  The  gearing  between 
the  engine  and  pump  has  a  ratio  of  about  1  to  7.3,  The  displacement 
of  the  pump,  946  gallons  per  minute,  does  not  agree  well  with  the 
measured  discharge,  868  gallons  per  minute,  for  there  is  seldom  so 
great  a  difference  in  pumps  of  this  class.  No  investigation  was  made 
as  to  the  cause  of  this  discrepancy. 

Two  tests  were  made  on  this  plant — one  with  the  water  discharging 
at  No.  3  and  another  (incomplete)  at  No.  2.  The  results,  with  the 
water  discharging  at  point  No.  3,  are  given  in  the  following  table: 


Tett  of  plant  No.  9, 

Cha^e  Nursery  Comi 

xiny,  a 

ions  per 
ute. 

e  pomi  No,  S,  June  19,  1904. 

Time. 

Revolut 
min 

Dis- 
charge 
head. 

Suction 
head. 

Totel 
head. 

Gallons 
minute. 

Engine. 

Pump. 

891 
891 
89* 
89i 

2.46 

285 
285 
285 
285 
285 
290 
297 
298 

Feet. 
187 
187 
187 
187 
187 
187 
187 
187 

Fed. 
5.7 
5.7 
5.7 
5.7 
6.7 
6.7 
5.7 
5.7 

Feet. 
192.7 
192.7 
192.7 
192,7 
192.7 
192.7 
192.7 
192.7 

8.16 

3.40 

4.00 

4.20 

4.40 

4.55 : 

5.00 

Average 

289 

S9i 

187 

5.7 

192.7 

868 

The  oil  used  was  44°  engine  distillate,  costing  9.5  cents  per  gallon; 
densit}^,  0.80.  The  total  oil  used  was  119.5  pounds  in  two  hours  ten 
minutes;  17.92  gallons  in  two  hours  ten  minutes,  or  8.27  gallons  per 
hour,  costing  therefore  78.5  cents  per  hour  for  fuel.  The  useful 
work  was  10,050,000  foot-gallons  in  an  hour.  Hence  the  cost  per 
1,000,000  foot-gallons  was  7.81  cents;  oil  per  1,000,000  foot-gallons, 
0.814  gallon;  cost  per  foot-acre- foot,  2.5  cents,  and  oil  per  foot-acre- 
foot,  0.26  gallon.  If  oil  costing  12  cents  per  gallon  were  used,  and 
assuming  that  the  efficiency  remained  the  same,  we  would  have:  Cost 
per  1,000,000  foot-gallons,  9.8  cents,  and  cost  per  foot-acre-foot,  3.18 
cents.  Rut  if  Coalinga  oil  at  5  cents  be  substituted — and  the  makers 
of  the  engine  claim  it  will  work  as  well  or  better  with  this  fuel — the 
cost  falls  to:  Cost  per  1,000,000  foot-gallons,  4.1  cents;  cost  per  foot- 
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acre-foot,  1.33  cents.     These  results  of  course  can  not  be  vouched  foi* 
without  actual  tests  and  are  merely  mentioned  as  possibilities. 

The  test  with  the  discharge  at  point  No.  2  gives  merely  a  few  meas* 
urements  on  head  and  quantity,  for  because  of  ati  unfortunate  accident 
it  was  not  possible  to  measure  the  oil.     The  results  are  as  follows: 

Test  of  plant  No.  P,  Chase  Nursery  Company,  at  point  No.  £,  June  20,  1904' 


Time. 


Revolutions  per 
minute. 

Engine,  i'ump. 


8.45 

9.00 

9.20 

9.40 

9.50 

10.00 

10.20 

10.40 

11.00 

Average 


301 
301 
286 
285 
288 
290 
302 
802 
300 


295 


40 


Dis- 
charge 
head. 


Suction 
head. 


Feel. 
127 
127 
127 
127 
127 
127 
127 
127 
127 


Feet. 
5.7 
5.7 
5.7 
5.7 
5.7 
5.7 
5.7 
5.7 
5.7 


Total 
head. 


Gallons 


Hy- 
I  draulic 


Feet. 
182.7 


127 


6.7 


182.7 


868 


The  results  obtained  for  this  plant  are  by  far  the  best  of  any  of  the 
gasoline  engine  plants  tested.  The  low  cost  of  operation  appears  to 
be  due  to  the  highly  eflScient  pump,  fhe  direct  connection  of  the  engine 
to  the  pump,  the  highly  efficient  pipe  line,  and  the  low  cost  of  fuel. 
To  this  must  be  added  the  comparatively  large  size  of  the  unit. 

PLANTS  USING   ELECTRIC   MOTORS. 

Plant  No,  10. — This  plant,  owned  by  the  Sunny  side  Water  Com- 
pany, near  Portersville,  in  the  San  Joaquin  Valley,  consists  of  a  50- 
horsepower  induction  motor,  7,200  alternations,  2-phase,  2,000  volts, 
830  revolutions  per  minute,  and  a  No.  4  compound  horizontal  cen- 
trifugal pump.  The  inlet  and  outlet  openings  are  4  inches  in  diameter; 
the  discharge  pipe,  13  feet  of  6-inch  casing,  to  90^  elbow,  enlarging 
to  10-inch  at  main  discharge.  Redwood  pipe  in  main  line.  There  are 
three  suction  pipes,  6  inches  in  diameter  in  10-inch  wells,  140  to  150 
feet  deep.  The  pump  is  direct  connected  to  motor  (fig.  14).  The 
water  is  measured  over  an  18-inch  Cipolletti  weir  at  upper  point 
(No.  2)  and  15-inch  rectangular  weir  at  lower  point  (No.  1).  These 
weirs  were  already  in  place. 

The  static  heads  above  pump  are,  at  point  No.  2, 123  feet  (measured), 
and  at  point  No.  1,  94  feet  (measured);  the  static  head  below  pump 
27  feet  (estimated),  and  the  total  mean  lift  at  point  No.  2,  150  feet,  at 
point  No.  1, 121  feet.  We  have  here  a  type  of  electric  pumping  plant 
widely  used  in  the  San  Joaquin  Valley.  The  pump  and  motor  are 
direct!}^  connected,  usually  on  one  base,  and  are  placed  at  the  bottom  of 
a  comparatively  shallow  pit,  from  which  the  wells  are  sunk.  The  pit  is 
curbed  or  lined  with  concrete.    The  power  is  usually  obtained  through 
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high  pressure,  long  distance  transmission  lines,  from  water-operated 
plants  in  the  foothills  of  the  Sierra  Nevada  Mountains.  In  this  local- 
ity power  is  sold  at  a  flat  rate  of  $50  per  horsepower  per  year,  whether 
the  plant  is  running  or  not.  This  rating  is  based  upon  the  measured 
horsepower  delivered  to  the  motor  when  first  installed,  and  not  upon 
the  nominal  horsepower  of  the  motor.  This  measurement  is  checked 
up  occasionally  by  the  power  company.     When  power  is  obtained 

I 


Fig.  14.— Plan  of  pumping  plant  owned  by  Sunnyside  Water  Company,  Portersvllle,  Cal. 

under  these  conditions  there  is  no  common  ground  upon  which  to  base 
a  comparison  between  the  running  cost  of  motor  and  gas-engine  driven 
plants,  unless  the  actual  number  of  hours  of  running  during  the  year 
are  known.  Fairly  exact  figures  have  been  obtained  from  some  of  the 
plants  on  this  latter  point,  and  tend  to  show  that  the  run  varies  from 
about  two  thousand  five  hundred  hours  in  small  private  plants  to  five 
thousand  hours  in  larger  plants  owned  by  water  companies.  It  is- 
probably  best  to  rate  the  cost  of  raising  1,000,000  foot-gallons,  not  in 
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dollars  and  cents,  but  in  kilowatt  hours,  since  this  latter  unit  has  a 
different  price  in  each  locality. 

Two  tests  were  made  on  this  plant — one  with  the  water  discharging 
at  point  No.  2,  and  another  at  point  No.  1.     The  results  are  as  follows: 

Tea  of  plant  No.  10  j  Sunny  side  Water  Company  j  at  point  No.  ^,  May  18,  1904. 


Time. 


Revolu- 
tioiiH  per 
minute 
of  pump. 


8.30 

8.45 

4.00 

4,15 

4.80 

4.45 

5.00 

6.15 

6.30 

5.46 

6.00 

Average 


875 
875 
875 
877 
S74 
875 
868 
876 
876 
875 


874 


Di8. 
charge 
head. 


Feet. 
125.8 
125.8 
125.3 
125.8 
125.3 
125.8 
125.3 
125.8 
125.8 
125.3 
125.3 


125.3 


Suction 
head. 


Feet. 
27.8 
27.9 
28.3 
28.3 
28.6 
28.3 
28.3 
27.8 
28.3 
28.3 
28.3 


28.2 


Total 
head. 


Feet. 
153.6 
153.2 
153.6 
163.6 
153.8 
153.6 
153.6 
153.1 
153.6 
168.6 


153.5 


Gallons  '  Hydrau 

per     '  lie  horse- 
minute,     power. 


888 


388 


16.1 
16.2 
14.3 
15.3 
15.4 
15.3 
14.8 
14.7 
14.8 
14.8 
14.8 


15.11 


Kilowatts. 


Meter  A.   Meter  B. 


14.6 

13 

13.5 

13.75 

14 

13.75 

13.75 

13.75 

13.75 

13.75 

13.75 


13 

12.5 

14 

18 

13 

12.76 

12.5 

12.5 

12.5 

12.6 

12.75 


26.57 


Electric- 
al horse- 
power. 


36.9 
34.2 
36.9 
35.7 
86.2 
35.5 
35.2 
85.2 
35.2 
35.2 
35.5 

35.61 


The  combined  efficiency  of  motor  and  pump  is  42  per  cent.  The 
mean  power  used  during  the  test  was  26.67  kilowatts.  The  useful 
work  in  an  hour  was  3,500,000  foot-gallons;  hence,  the  kilowatt  hours 
per  1,000,000  foot-gallons  were  7.59,  and  kilowatt  hours  per  foot-acre- 
foot,  2.46.  It  is  not  known  on  what  horsepower  rating  the  price  of 
power  is  paid,  but  assuming  it  to  be  the  electrical  horsepower  meas- 
ured on  the  test,  and  that  the  time  of  pumping  is  five  thousand  hours 
per  year,  we  can  arrive  at  a  rough  estimate  of  what  it  is  costing  to 
pump  water  here.  Fifty  dollars  per  horsepower  per  year  means  $67 
per  kilowatt  per  year,  and  taking  five  thousand  working  hours  in  the 
year,  we  see  that  the  cost  of  a  kilowatt  hour  on  this  basis  is  1.34  cents; 
hence,  cost  per  1,000,000  foot-gallons  =  10.2  cents;  cost  per  foot-acre- 
foot  =  3.31  cents.  If  the  hours  of  running  are  only  2,500,  the  above 
figures  will  be  doubled. 

The  results  of  the  test  with  the  water  discharged  at  point  No.  1  are 
as  follows: 

Test  of  plant  No.  10,  Sunnyside  Water  Company,  at  point  No.  i,  May  19,  1904. 


Time. 


11.10 

11.20 

11.30 

11.45 

11.50 

12.00 

12.10 

12.20 

12.80 

Average 


Re  vol  u- 


Dis- 


tJonsperi   ^" 
minute    ^JV"J^ 
of  pump.    "®*^- 


874 
876 
876 
876 
875 
872 
875 
872 
873 

874 


Feet. 
98.1 
1 

1 
1 
1 
1 
1 
1 
1 


98.1 


Gallons 


Suction  I  Total  ,      ^^, 
head.      head.  IXJ.c. 


Feet. 
29 
29.5 
29.5 
29.5 
29.5 
29.5 
29.6 
29.6 
29.6 

29.5 




— 

Feet. 

127.1 

478 

127.6 

478 

127.6 

478 

127.6 

478 

127.6 

478 

127.6 

478 

127.7 

478 

127.7 

478 

127.7 

478 

127.6 

478 

Kilowatts. 
Meter'A.   Meter  B. 


13.5 

12.5 

13.5 

12.5 

14 

13 

13 

12.3 

13.25 

12. 26 

13.75 

12 

13.25 

11.75 

13.5 

12 

13.75 

11.75 

25.72 


Elec- 
trical 
horse- 
power. 


34.8 
3-1.8 
36.2 
33.9 
34.2 
34.6 
33.6 
34.2 
34.2 

34.5 
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The  combined  efficiency  of  motor  and  pump  is  45  per  cent.  The 
mean  power  used  for  the  test  was  25.72  kilowatts,  and  the  useful  work 
done  in  an  hour  is  3,470,000  foot-gallons;  hence,  kilowatt  hours  per- 
1,000,000  foot-gallons,  7.41;  and  the  kilowatt  hours  per  foot-acre-foot, 
2.4.  Taking  the  year's  run  at  five  thousand  hours  we  have:  Cost  per 
1,000,000  foot-gallons,  9.9  cents,  and  cost  per  foot-acre-foot,  3.2  cents. 


Pio.  15.— Plan  of  pnmping  plant  owned  by  Mr.  Hall.  Lindsay,  Ca). 

Plant  No,  ii.— This  plant,  owned  by  Mr.  Hall,  Caledonian  Colony 
Lindsay,  San  Joaquin  Valley,  Cal.,  consists  of  a  lO-horsepower  induc- 
tion motor,  7,200  alternations,  2-phase,  200  volts,  1,120  revolutions 
per  minute,  and  a  No.  4  single- runner  horizontal  centrifugal  pump, 
with  inlet  and  outlet  pipes  4  inches  in  diameter;  discharge  pipe  6 
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inches  in  diameter,  with  a  straight  rise  to  box.  There  is  one  suction 
pipe,  6  inches  in  diameter,  and  one  check  valve.  The  pump  is  direct- 
connected  to  motor  (fig.  15).  The  water  is  measured  over  a  24-inch 
Cipolletti  weir,  put  in  for  test  and  left  in  place.  The  static  head 
above  pump  is  26  feet  (measured),  the  static  head  b^low  pump  13  feet 
2  inches  (measured),  the  total  lift  39  feet  2  inches.  This  plant  is  well 
arranged  except  for  the  check  valve  in  the  suction.  The  results  of 
the  test  are  given  in  the  following  table: 

Tefi  of  plant  No.  11,  Han's  Caledonian  Colmiy,  May  S2,  1904. 


. 

Revolu- 
tions per 

minute 
of  pump. 

Dls- 
chanre 
head. 

Suction 
head. 

Total 
head. 

Gallons 
mfnute. 

Hydrau- 
lic horse- 
power. 

Kilowatts. 

Electric- 

Time. 

Meter  A. 

Meter  B. 

2.95 

2.95 

8 

3 

8 

3 

2.95 

al  horse- 
power. 

4.80 

1,188 
1,180 
1,196 
1,190 
1,190 
1,188 
1,189 

Feet 
26 
26 
26 
26 
26 
26' 
26 

26 

Feet. 
20.2 
20.4 
20.4 
20.4 
20.6 
20.8 
20.8 

Feet. 
46.2 
46.4 
46.4 
46.4 
46.6 
46.8 
46.8 

8.85 
3.88 
3.85 
3.85 
8.86 
3.80 
8.80 

9  1 

4.45 

9.1 

6.00 

9  2 

6.15 

9.2 

5.80. 

9  2 

5.45 

9.1 

6.00 

9 

426 

Average.. 

1,189 

20.5 

46.5 

5.08 

6.81 

9.13 

The  combined  efficiency  of  motor  and  pump  is  55  per  cent.  The 
mean  power  used  for  the  test  was  6.81  kilowatts,  and  the  useful  work 
in  an  hour  was  873,000  foot-gallons.  Hence  the  cost  is,  kilowatt 
hours  per  1,000,000  foot-gallons,  7.8;  and  kilowatt  hours  per  foot- 
acre-foot,  2.53.  A  plant  of  this  sort  would  probably  not  run  much 
over  3,000  hours  in  the  year.  On  this  basis  a  kilowatt  hour  would 
cost  2.23  cents  when  paid  for  at  $50  per  horsepower  per  year,  and  we 
find:  Cost  per  1,000,000  foot-gallons,  17.4  cents;  cost  per  foot-acre- 
foot,  5.64  cents.  The  performance  of  this  plant  is  better  than  that  of 
No.  10.     It  is  well  designed  and  gives  an  excellent  efficiency. 

Plant  No.  12. — The  plant  owned  by  Miss  Ruby  Johnson,  near  Lind- 
say, San  Joaquin  Valley,  consists  of  a  10-horsepower  induction  motor, 
7,200  alternations,  2-phase,  200  volts,  1,120  revolutions  per  minute, 
and  a  No.  3  single-runner  horizontal  centrifugal  pump,  with  inlet 
and  outlet  openings  3  inches  in  diameter.  There  is  a  straight  lift  to 
"tee"  near  flume.  There  are  two  suction  pipes,  5-inch  outside  diam- 
eter casing,  one  direct  from  pump  suction  and  the  other  connected  by 
side  outlet;  one  6-inch  and  one  10-inch  well.  The  pump  is  direct 
connected  to  motor.  The  water  is  measured  over  an  8-inch  Cipolletti 
weir,  already  in  place,  and  used  for  the  test  after  small  alterations. 
The  static  head  above  the  pump  is  53  feet  (measured);  the  static  head 
below  the  pump,  29  feet  (measured);  the  total  mean  lift,  82  feet.  The 
results  of  the  test  are  as  follows. 
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Test  of  plant  No  /^,  mimed  by  Miss  Ruby  Johnson ,  "May  2S^  1904. 


Time. 


Revolu       rjj 

minute  |  utJS 
of  pump.    ^^*^- 


11.05 '  1,184 

11.15 1,184 

11.30 1,176 

11.40 1,178 

11.60 1,178 

12.00 1,167 

12.10 1,178 

12.20 1,181 

12.30 1,180 

12.40 1,180 


Average . . 


63.5 
53.5 
53.5 
58.5 
53.5 
53.5 
53.5 
53.5 
53.5 
53.5 


53.5 


Suction 
head. 


Feet. 
28.9 
28.9 
28.8 
29.0 
28.9 
28.9 
29.3 
29.4 
29.4 
29.4 


29.1 


Total 
head. 


Feet. 
82.4 
82.4 
82.3 
82.5 
82.4 
82.4 
82.8 
83.9 


Gallons 

per 
minute. 


110 
106 
106 
102 
102 
102 
106 
102 
102 
102 


82.87 


104 


Hydrau- 


Kilowatts. 


Electric- 
nl  horse- 


lie  horse-l  { 

power.   I  Meter  A.  i  Meter  B. ,   i)ower. 


3.25 

3.00 

8.38 

3.30 

8.02 

8.45 

3.80 

3.03 

8.44 

3.30 

3.00 

8.45 

3.32 

2.92 

8.38 

8.30 

8.00 

8.44 

3.35 

2.95 

8.45 

3.37 

2.95 

8.48 

3.38 

2.95 

8.48 

3.35 

2.95 

8.44 

2.18  I 


6.30 


8.^ 


The  combined  eflSciency 
of  motor  and  pump  is 
26  per  cent.  The  mean 
power  used  for  the  test 
was  6.3  kilowatts,  and  the 
useful  work  done  in  an 
hour  is  507,000  foot-gal- 
lons; the  kilowatt  hours 
per  1,000,000  foot-gal- 
lons, 12.4;  and  kilowatt 
hours  per  foot-acre-foot, 
4.03.  In  this  plant  the 
suction  lift  is  altogether 
too  high.  When  so  high 
as  this  a  vacuum  may 
form  in  the  runner  which 
causes  an  immediate  fall- 
ing o  ff  i  n  effi  c ic ncy .  Lab- 
oratory  tests  have  shown 
that  this  vacuum  may 
form  long  before  a  gauge 
connected  to  the  su(!tion 
(^Ibow  shows  a  vacuum. 
High  .auction  hetid  also 
induces  leakage  of  air  at 
the  stuffing  box.  It  ap- 
pears also  that  the  pump 
is  running  below  speed, 
1,210  revolutions  per 
minute  being  much  more 
nearly  the  proper  speed.  In  such  direct  connecte-d  pumps  this  quu 
not  be  altered.  A  pump  as  small  as  this  can  not  be  expected  in  any^ 
case  to  give  an  efficiency  comparable  with  5-inch  and  0-inch  pumps. 
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Plant  No.  IS, — This  plant  is  owned  by  the  Lindsay  Water  and 
Development  Compan}",  near  Lindsay,  in  the  San  Joaquin  Valley  (fig. 
16).  It  consists  of  a  50-horsepower  induction  motor,  2-phase,  2,000 
volts,  830  revolutions  per  minute — 7,200  alternations;  and  a  No.  6 
single-runner  horizontal  centrifugal  pump,  with  inlet  and  outlet  open- 
ings 6  inches  in  diameter;  discharge  pipe  8  inches  in  diameter,  with  one 
elbow  to  ditch  and  three  elbows  to  weir  box.  Diflfuser  on  end  of  dis- 
charge line.  There  are  two  suction  pipes,  one  8  inches  in  diameter 
directly  from  well  to  suction  elbow,  and  one  4  inches  in  diameter  enter- 
ing by  side  outlet  from  well  24  feet  away.  The  pump  is  direct  con- 
nected to  motor.  The  water  is  measured  over  a  26-inch  Cipolletti 
weir,  already  in  place  at  time  of  test.  The  static  head  above  the  pump 
is  44  feet  6  inches  (measured);  the  static  head  below  pump,  19  feet 
(estimated);  the  total  mean  lift,  63  feet  6  inches.  The  results  of  this 
test  can  not  be  given  full  credit,  as  it  was  afterwards  discovered  that 
an  elbow  or  some  sort  of  fitting  was  attached  to  the  inside  end  of  the 
pipe  to  which  the  pressure  gauge  was  attached.  This  fitting  was 
directed  downward  so  as  to  receive  the  impact  of  the  discharging 
stream,  and  therefore  caused  the  pressure  gauge  to  read  slightly  too 
high  by  an  amount  not  greater  than  the  velocity  head.  It  was  not 
possible  to  remove  this  without  taking  down  the  discharge  pipe. 
However,  as  the  velocity  head  did  not  amount  to  more  than  2.5  feet, 
and  as  the  effect  upon  the  gauge  was  probably  less  than  this  amount, 
the  efficiency  test  is  inserted.  The  effect  of  the  elbow  would  be  to 
increase  the  apparent  efficiency'  of  the  pump  as  based  on  gauge  read- 
ings, but  to  lower  the  actual  efficiency  of  the  plant  by  obstructing  the 
flow.  The  pump  was  so  arranged  as  to  be  raised  and  lowered  on  a 
cage  within  the  pit.  .  Sections  of  the  suction  and  discharge  pipes  could 
be  removed  or  inserted  to  allow  for  this  change.  This  is  an  excellent 
plan  when  the  level  of  the  ground  water  is  known  to  change. 

Two  tests  were  made  on  this  plant,  one  with  the  pump  partly  throt- 
tled by  a  gate  valve  in  the  discharge  and  the  other  full  open.  It  is 
understood  that  the  first  of  these  two  corresponds  with  the  ordinary 
running  conditions.  The  practice  of  running  a  pump  throttled  can  not 
be  other  than  a  wasteful  one. 
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The  results  of  the  first  test  are  as  follows: 

Teist  of  plant  No.  ISy  Lindsay  Water  and  Development  Company^  pump  throttled, 

May  Uy  1904. 


Time. 


10.00.... 
10.05.... 
10.10.... 
10.  IB.... 
10.20.... 
10.25.... 
10.30.... 

10.35 

10.40..., 
10.45. 


Revolu- 
tioDB  per 

minute 
of  pump. 


10.50., 
10.55., 
11.00., 
11.05., 


Average . 


863 
864 
864 
864 
864 
864 
864 
864 
864 
864 
864 
864 
864 


8» 


Dis- 
charge 
head. 


Feet. 
74.1 
73.8 
78.5 
78.5 
73.6 
72.7 
72.7 
72.7 
72.7 
72.4 
72.4 
72.5 
72.5 
72.4 


Suction 
head. 


Feet. 
19.6 
19.8 
19.9 
20.3 
20.4 
20.6 
20.6 
20.6 
20.6 
20.8 

•  21 

•  21.1 
21.1 
21 


72.9  I 


20.5 


Total  l««Jirf '^i^"' 


Feet. 
93.7 
93.7 
98.5 
93.8 
93.9 
93.3 
93.3 
93.3 
93.3 
93.2 
98.4 
93.6 
93.6 
93.4 


93.5 


752 

750 

750 

767 

767 

767 

767 

767 

767 

767 

767* 

767 

767 

767 


Kilowatts.         '    . 
Electrical 


762.1 


18.08 


Meter  A. 

Meters. 

horse- 
power. 

7.75 

12.75 

27.8 

7.50 

13 

27.5 

7.50 

13 

27.5 

7.50 

13 

27.5 

7.50 

13 

27.6 

7.50 

13 

27.5 

7.60 

IS 

27.6 

7.52 

13.20 

27.8 

7.52 

13.20 

27.8 

7.52 

18 

27.5 

7.30 

13 

27.2 

7.75 

13 

27.8 

7.75 

13 

27.8 

7.80 

13 

27.9 

20.58 

27.58 

The  combined  efficiency  of  motor  and  pump  is  65  per  cent.  The 
mean  power  used  for  the  test  was  20.58  kilowatts,  and  the  useful  work 
done  in  an  hour  is  2,910,000  foot-gallons.  Hence,  kilowatt  hours  per 
1,000.000  foot-gallons,  7.1;  kilowatt  hours  per  foot-acre- foot,  2.3. 
If,  however,  the  pump  had  been  working  on  a  bona  fide  head  of  about 
90  feet  as  shown  by  the  gauges,  instead  of  wasting  28  feet  by  throttling, 
we  should  have  had  4,130,000  foot-gallons  of  work  in  an  hour,  and  the 
expenditure  would  have  been  only  5  kilowatt  hours  per  1,000,000 
foot-gallons,  and  1.62  kilowatt  hours  per  foot-acre-foot.  The  time 
during  which  this  plant  is  operated  averages  for  the  past  three  years 
almost  exactly  five  thousand  hours  per  year.  It  is  not  known  upon 
what  horsepower  rating  the  charge  of  $50  per  year  is  based,  but  assum- 
ing it  to  be  the  same  as  given  in  the  test,  the  cost  of  operating  the 
pump  in  its  throttled  condition  is  9.5  cents  per  1,000,000  foot-gallons, 
or  3.08  cents  per  foot-acre-foot. 

The  results  of  the  second  test  are  as  follows: 

Test  of  plant  No.  IS,  Lindsay  Water  and  Development  Company,  pump  fuU  open^ 

May  24,  1904. 


Revolu- 


Time. 


Dls- 


tionsper  ^cfytL^  Suction  ,  Total 
:  miniiuj  ^J*T  head.  I  head, 
of  pump.      °^<^- 


Gallons'  Hydrau- 
per     I  lie  horse- 


Kilowatts. 


11.35.... 
11.40.... 


Average . 


861 
864  I 


864  , 


Feet.  I 
43.  C  ! 
43.6  I 

43.6  I 


Feet. 
27.1 
27.2 


27.15 


Ftet. 
70.7 
70.8 

70.75 


Elec- 
trical 


per     I  lie  norse- 1  i  i  il  "J~L 

hiute.    power.   ,  Meter  A.   Meter  B.'^?^' 

I   *^  I  power. 

I I ' I 


1.123 
1,123  I 


10      ' 
9.5! 


15.6  I 
16.5  1 


1.123 


20.15 


25.25 


ft4.2 
83.5 


33.85 


The  combined  efficiency  of  motor  and  pump  is  62  per  cent.     The 
mean  power  used  for  the  test  was  26.25  kilowatts,  and  tiie  useful  work 
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done  in  an  hour  4,300,000  foot-gallons.  Hence,. the  kilowatt  hours 
per  1,000,000  foot-gallons,  5,87;  the  kilowatt  hours  per  foot-acre-foot, 
1.9;  and  at  five  thousand  hours'  run  per  year  the  cost  per  1,000,000 
foot-gallons  is  7.9  cents;  the  cost  per  foot-acre-foot,  2. 56  cents.  Noth- 
ing could  show  more  clearly  the  evils  of  throttling  a  pump.  The 
plant  otherwise  gives  a  remarkably  high  efficiency. 

Pla/nt  No.  H. — The  plant  owned  by  Norcross  &  Crane,  Lindsay, 
Cal.,  in  the  San  Joaquin  Valley,  consists  of  a  7.5-horsepower  induction 
motor,  2-phase,  200  volts,  7,200  alternations,  1,120  revolutions  per 
minute,  and  a  No.  3  single-runner  horizontal  centrifugal  pump,  with 
inlet  and  outlet  openings  3  inches  in  diameter;  discharge  pipe  6  inches 
in  diameter  throughout;  one  3-inch  check  valve  and  taper  connections. 
It  has  direct  discharge  into  box  without  elbows,  and  no  diffuser. 
There  is  one  suction  pipe  6  inches  in  diameter,  40  feet  long;  pit  8  feet 
square,  31  feet  deep.  The  pump  is  direct  connected  to  motor.  A 
16-inch  Cipolletti  weir  was  used.  The  static  head  above  pump  is  30 
feet  6  inches  (measured);  the  static  head  below  the  pump,  11  feet 
(estimated);  total  mean  lift,  41  feet  6  inches.  The  results  of  the  test 
are  as  follows: 

Te9i  of  plant  No.  14,  owned  hy  Norcross  <i-  Crane,  May  25^  1904. 


Time. 


2.46 

2.65 

3.00 

3.10 

8.20 

3.30 

8.40 

8.50 

4.00 

4.10 

4.20 

Average . . 


Revolu- 
tions per 
minute 
of  pump. 


1,170 
1,170 
1,175 
J,  170 
1,172 
1,165 
1,165 
1.165 
1,165 
1,165 
1,165 


1,168 


Dis- 
charge 
head. 


Ftet. 
31.1 
81.1 
31.1 
31.1 
31.3 
31.3 
31.3 
31.3 
31.3 
31.3 
31.3 


31.2 


Suction 
head. 


T^ioi  Gallons  Hydrau- 
hcHd  '  P^""  "chorsc- 
iitJHu.  minute,    power. 


Feet. 
13.4 
13.3  , 
13.3  I 

13.3  I 

13.4  I 
18.2  ' 

13.2  > 

13.3  . 
13.3 
13.4 
13.5 


13.3 


Feet. 
44.4 
44.3 
44.3 
44.3 
44.7 
44.3 
44.3 
44.6 
44.6 
44.7 
44.8 


44.48  ' 


252  , 

252    

252    

252  I 

252  ' 

252    

252    

252    

252    

252    

252    

2.')2  2.H4 


Kilowatts. 

Meier  A. 

Meter  B. 

2.15 

2.475 

2.16 

2  60 

2.15 

2.50 

2.20 

2.52 

2.15 

2.52 

2.15 

2.65 

2.15 

2.50 

2.17 

2.525 

2. 125 
2.1?5 

2.525 
2.525 

2.13 

2. 525  1 

Elec- 
trical 
horse- 
power. 


6.74 
6. '23 
6.23 
6.83 
6.27 
6.30 
6.23 
6.29 
6.29 
6.29 
6.24 

6.314 


The  combined  efficiency  of  motor  and  pump  is  45  per  cent.  The 
mean  power  used  for  test  was  4.67  kilowatts,  and  the  u.seful  work, 
627,500  foot-gallons  per  hour;  therefore,  the  kilowatt  hours  per 
1,000,000  foot-gallons  were  7.4,  and  the  kilowatt  hours  per  foot-acre- 
foot,  2.42.  The  number  of  hours  run  in  a  year  is  about  two  thousand 
six  hundred  in  this  plant,  hence  the  cost  of  a  kilowatt  hour  is  2.58 
cents,  the  cost  per  1,000,000  foot-gallons  is  19.2  cents,  and  the  cost  per 
foot-acre-foot  6.26  cents.  The  arrangement  of  machinery  is  here  good, 
though  a  diffuser  on  the  discharge  might  have  helped.  The  results 
are  fair,  but  show  clearly  the  lower  efficiency  of  the  smaller  pump, 
other  things  being  equal. 
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Plant  No,  i5.^T^e  plant  at  the  Peyton  station  of  the  Temescal 
Water  Company,  Ethenac,  Riverside  County,  Cal.,  consists  of  a  40- 
horsepower  induction  motor,  50  cycles,  3-phase,  220  volts,  750  revo- 
lutions per  minute;  diameter  of  pulley,  16  inches;  12-inch  belt,  and  a 
triplex  plunger  pump,  with  three  plungers  14  inches  in  diameter;  15- 
inch  stroke;  pulley  50  inches  in  diameter;  discharge  pipe  12  inches  in 
diameter,  one  elbow  and  one  check  valve;  three  suctions — one  7-inch 
suction  to  well  No.  1,  one  10-inch  suction  with  8-inch  side  outlet  to 
well  No.  2,  one  8-inch  continuation  "to  well  No.  3  (see  fig.  17).     The 


Fig.  17.— Plan  of  Peyton  pumping  plant  belonging  to  Temescal  Water  Company. 

pump  is  belted  direct  to  motor.  A  50-inch  rectangular  weir,  with  stee^ 
edges,  was  already  in  place  at  time  of  test.  The  static  head  above 
pump  is  14  feet  (measured);  the  static  head  below  pump,  22  feet  (meas- 
ured); the  total  lift,  36  feet.  Here  we  have  a  plant  similar  to  that  at 
Corona  (Plant  No.  9),  but  with  a  low  lift.  The  measured  discharge, 
1,232  gallons  per  minute,  does  not  check  with  the  pump  displacement, 
1,495  gallons  per  minute.  The  results  of  this  test  are  given  in  the 
table  following. 
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Revolu- 
tions per 
minute  of 
pump. 

Dis- 
charge 
head. 

Suction 
head. 

Total 
head. 

Gallons 

Hydrau- 

Kilowatts. 

Electrical 

Time. 

minute. 

lic  horse- 
power. 

Meter  A. 

Meter  B. 

horse- 
power. 

8  45           .     . 

50 
50 
50 
50 
50 
50 

Feet. 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 

Feet. 
23.8 
28.8 
23.8 
23.8 
24 
24 

Feet. 
46.2 
46.2 
46.2 
46.2 
46.4 
46.4 

3.80 
3.80 
8.70 
3.70 
3.70 
3.70 

14.2 

14 

13.9 

13.8 

13.7 

13.7 

24.1 

8. 55 

23.9 

9.00              ... 

23.6 

9.10 

23.5 

9.20 

1 

23.3 

9.30 

1 

23.3 

I 

Average . . 

50 

^22.4 

23.9 

16.27 

1,232 

14.4 

17.62 

23.61 

Fio.  18.— Plan  of  pumping  plant  £,  belonging  to  Temescal  Water  Company. 

The  combined  efficiency  of  motX)r  and  pump  is  60.9  per  cent.  The 
mean  power  used  for  the  test  was  17.62  kilowatts;  the  useful  work 
done,  2,661,000  foot-gaiions  per  hour;  therefore  the  kilowatt  hours 
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per  1,000,000  foot-gallons  were  6.63;  the  kilowatt  hours  per  foot- 
acre-foot,  2.15.  The  results  of  this  test  show  that  the  triplex  plunger 
pumps,  even  when  designed  for  the  purpose,  do  not  work  at  their 
best  on  heads  so  low  as  this.  The  same  is  borne  out  by  the  laboratory 
tests  on  small  pumps  of  this  typo.  The  installation  is,  neverthelos.> 
a  most  excellent  one.  All  the  plants  of  the  Teniescal  Water  Company 
are  supplied  with  electric  power  from  a  centrHl  station  owned  by  the 
company.  It  is  understood  that  the  cost  to  the  company  for  fuel  alone 
is  not  above  1  cent  per  kilowatt  hour.  To  this  of  course  must  be  added 
the  cost  of  labor,  taxes,  and  depreciation  of  plant,  etc.,  which  will 
probabl}'  raise  the  cost  to  2.25  cents.  On  this  supposition  the  figures 
becoTue:  Cost  per  1,()(K),0()0  foot-gallons,  15.15  cents;  cost  per  foot- 
acre-foot,  4.91  cents. 

Phut  JVo.  16, — Th(»  equipment  at  station  E  of  the  Temescal  Water 
Company,  Ethenac,  Riverside  County,  Cal.,  consists  of  a  20-horse- 
powtr  induction  motor,  6,000  alternations,  H-phase,  200  volts,  930 
revolutions  per  minute;  pulley,  11  inches  in  diameter;  8-inch  belt; 
and  a  No.  5  single-runner  vertical  centrifugal  pump,  with  inlet  and 
outlet  openings  5  inches  in  diameter;  discharge  pipe  9  inches  to  elbow, 
then  12  inches  to  canal;  one  6-inch  check  valve  and  taper  connection; 
three  suction  pipes;  one  6-inch  suction,  r)-inch  side  outlet  to  well  No.  1; 
one  5-inch  continuation  to  well  No.  2;  one  6-inch  pipe  to  well  No.  3; 
pulley,  18  inches  in  diameter  (fig.  18).  A  2()-inch  rectangular  weir 
was  already  in  place.  The  stsitic  head  above  the  pump  is  31  feet 
(measured);  the  static  head  below  the  pump,  22  feet  (estimated);  the 
total  mean  lift,  53  feet.  In  this  station  we  have  a  vertical  centrifugal 
pump  belted  to  a  motor.     The  results  of  the  test  are  as  follows: 

Tcfft  of  plant  No.  16,  Temescal  Water  Compaiuj,  Station  E,  June  16y  1904. 


Time. 


Re  vol  u- 


Di.s 


tionspcr     ,    •■    '  Suction 


niinute 
of  pump. 


hend. 


11.00. 
11.10. 
11.20 . 
11.30. 
11.40. 
11.45. 
11.60. 
12.00. 


Average. 


Ffct. 

600 

33.6 

600 

33.6 

585 

34.8 

595 

34.8 

595 

34.8 

586 

34.8 

586 

34.8 

586 

34.8 

Feet. 

23.2 
■22.7 
22.7 
22.7 
22.8 
22.9 
22.9 
23 


Total 
head. 


Feet. 

56.9 
56.3 
57. 5 
57.5 
57.6 
57.7 
57.7 
57.8 


Gallons 

I  per 
min- 
ute. 


„    ,  Kilowatts.  „,      _, 

Hydniu- Electrie- 

lic  horse-  al  horse- 

power,  i  Meter  A.    Meter  B.     power. 


34.5  I 


22. 9    57. 4 


10.8 

10.7 

10.7 

11 

11 

11 

11 

11 


5.05 

5 

5 

5 

5 

5 

5 

5 


^21. 26 
21.06 
21.06 
21.46 
21.46 
21.46 
21.45 
21.46 


15.91 


21.32 


The  combined  eflSciency  of  motor  and  pump  is  37  per  cent.  The 
mean  power  used  for  the  test  was  15  91  kilowatts,  the  useful  work  per 
hour,  1,730,000  foot-gallons;  hence,  kilowatt  hours  per  1,000,000  foot- 
gallons,  9.19;  kilowatt  hours  per  foot-acre-foot,  2.98.  The  low  eflS- 
ciency of  this  pump  appears  to  be  due  to  the  fact  that  it  is  running  under 
speed  for  the  particular  head  existing  at  the  time  of  the  test.    Accord- 
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ing  to  the  manufacturer's  catalogue  this  pump  should  have  run  670 
revolutions  per  minute  at  55-foot  head. 

The  Temescal  Water  Company  has  four  other  pumping  stations  in  the 
immediate  vicinity,  known  as  stations  No.  1,  No.  2,  No.  4,  and  power- 
house station.  An  attempt  was  made  to  test  No.  2  and  No.  4,  but  it 
was  found  that  the  power  was  beyond  the  range  of  the  wattmeters. 
Data,  however,  were  obtained  from  the  engineer  in  charge,  on  the.per- 
formance  of  five  of  the  stations,  as  read  on  their  recording  wattmeters 
and  weir  gauges.  These  are  all  centrifugal  stations  with  5-inch 
pumps,  and  40-horsepower,  220-volt  motors.  The  data  furnished  by 
the  engineer  are  given  in  the  following  tables: 

Records  of  pumps  of  Temescal  Water  Company. 

APRIL  19-26, 1904. 


station. 


Uixt^r%,     Gallons  I 
rSn  per      I  Head. 

"^-     miimte.  , 


Peyton . 
N-0.2... 
No.4... 


Feet. 

168 

1,415 

36 

168 

1,415  1 

50 

168 

1,336  1 

50 

Watt 
hoars. 


3,519,000 
6,333,000 
4,854,000 


Mean 
kilo- 
watts. 


20.94 
87.70 
28.90 


i^'hSuS"' Kilowatt 
Foot-gal-       ''^I^    I    hours 
ions  per   I  ^  P^^^^        per 

I  gallons.        ^^^' 


hour. 


3,055,000  ' 
4,243,000  , 
4,008,000 


6.86  I 
8.88 
7.21  ! 


APRIL  26-MAY  8, 1904. 


Peyton . 
No.2... 
No.4... 


168 
168 


1,415 

86 

3,465,000 

20.62 

3,055,000 

6.75 

1,385 

50 

6,207,000 

36.95 

4,005,000 

9.22 

1,292 

50 

4,696,000 

27.90 

3,875,000 

7.20 

MAY  5-10,  1904. 

1,390 

500 

1,265 

1,260 

554 

36       3,360,000 
.      54       1,203,000 
50       6,147,000 
50       4,542,000 
53       1,660,000 

20.00 
13.22 
86.60 
27.04 
17.00 

3,003,000 
1,620,000 
3,795,000 
3,750,000 
1,762,000 

6.66 
8.16 
9.64 
7.22 
9.64 

2.23 
2.88 
2.34 


2.19 
2.99 
2.34 


Peyton. 
No.l... 
No.2... 
No.4... 
E 


91 

168  I 
168  I 
102 


Peyton . 
No.l... 
No.2... 
No.4... 
E 


121 

1,283 

168 

483 

165 

1,186 

155 

1,210 

134 

483 

MAY  24-31,  1904. 


54 
50 
50 
53  I 


2,088,000  , 

17.20 

1,860,000 

11.07 

5,742,000  1 

34.80 

4,239,000 

27.3 

2,196,000 

16.40 

2,770,000 
1,565,000 
3,560,000 
3,630,000 
1,536,000 


6.21 
7.08 
9.78 
7.52 
10.66 


2.16 
2.65 
3.13 
2.34 
3.13 


2.02 
2.20 
3.17 
2.44 
3.46 


Peyton . 
No.  1 . . . 
No.2... 
E 


NO  DATE. 


168 

1,890 

86 

164 

488 

54 

168 

1,230 

50 

168 

1 

610 

53 

3,356,000  1 

20.00 

3,003,000 

6.66 

1,779,000 

10.85 

1,566,000 

6.93 

5,793,000 

34.50 

3,690.000 

7.20 

2,481.000  1 

14.78 

1.623.000 

9.11 

2.16 
2.25 
2.34 
2.96 


AVERAGE. 


Peyton 

1 

No.l 

No.2 

::::::::r': :"■ 



No.4 

E 

, 

;":"  "i 

1 

30620— No.  168—05- 


-15 


7.39 
9.87 

7.28 
9.80 


2.15 
2.40 
3.04 
2.36 

3.18 
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Our  own  results  on  Peyton  station  are  6.63  kilowatt  hours  per 
1,000,000  foot-gallons,  and  2.15  kilowatt  hours  per  foot-acre-foot;  and 
on  station  E  are  9.19  kilowatt  hours  per  1,000,000  foot-gallons,  and 
2.98  kilowatt  hours  per  foot-acre-foot — a  very  fair  agreement. 

PLANTS  USING    STEAM   ENGINES. 

PliDit  No.  17. — ^The  plant  owned  by  O.  F.  Von  Dorsten,  near  Camp- 
bell, in  the  Santa  Clai-a  Valley,  consists  of  a  75-horsepower  steam 
engine;  a  fire-tube  boiler  64  inches  in  diameter,  16  feet  long,  pressure 
96  pounds,  oil  pump  3  by  2  by  3  inches,  with  feed  pump  4^  by  3  by 
4  inches,  feed- water  heater;  temperature  of  feed  water,  180^  F.;  a 
No.  6  single-runner  vertical  centrifugal  pump  with  inlet  and  outlet 
openings  6  inches  in  diameter;  discharge  pipe  9.6  inches  in  diameter 
to  vertical  standpipe  2.5  feet  in  diameter;  pulley  18  inches  in  diame- 
ter; pump  direct  belted  with  quarter-turn  belt;  centers,  35  feet  9 
inches.  Balanced  slide-valve  engine,  with  cylinder  12  by  20  inches; 
speed,  150  revolutions  per  minute;  pulley,  8  feet  in«diameter;  belt,  12 
inches.  A  30-inch  rectangular  weir  was  used.  The  static  head  above 
pump  at  point  No.  4  is  80  feet  6  inches  (measured);  static  head  below 
pump,  8  feet  (measured);  the  total  mean  lift  at  point  No.  4,  88  feet  6 
inches.  In  this  steam  plant  the  general  arrangement  of  engine  and 
pump  is  quite  similar  to  the  gasoline  plants,  and  requires  no  further 
description.  The  pump  discharges  into  a  tall  standpipe,  from  which 
a  pipe  line  conducts  the  water  to  various  outlet  points.  No.  4  being 
the  farthest  removed  and  Nos.  3,  2,  and  1  being  successively  nearer  to 
the  pump.  There  seems  to  be  no  possible  use  for  the  standpipe  as  an 
aid  to  conducting  the  water,  but  it  was  useful  in  the  test  itself  as 
furnishing  an  actual  measure  of  the  lift.  By  this  means  the  f rictional 
resistances  of  a  long  pipe  line  are  not  charged  against  the  plant  in  the 
calculation  of  its  power  value.  Since  the  fuel  test  was  made  for  point 
No.  4  alone,  the  measured  lifts  for  the  other  points  are  of  no  particular 
value,  but  are  inserted  merely  as  a  matter  of  interest:  Total  mean  lift, 
point  No.  3,  88  feet  6  inches;  total  mean  lift,  point  No.  2,  82  feet  6 
inches;  total  mean  lift,  point  No.  1,  70  feet  6  inches.  ^The  results  of 
the  test  are  as  follows. 
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TeM  of  plant  No.  17  y  owned  by  0.  F,  Von  Dorsten  {point  No.  4),  April  13,  1904- 


Revolutions 
per  minute. 

Dis- 
charge 
head. 

I^. 
86 
86 
84.6 
86 
84.6 
»4.6 
84.0 
86.9 
86.9 
86.9 

Suc- 
tion 
head. 

Feel. 

10.8 

10.8 

11.3 

11.3 

11.3 

11.7 

11.9 

12 

11.5 

12.2 

Total 
head. 

Feet. 
99 
96.8 
96 

97.3 
96 
96.3 
96.5 
98.9 
98.4 
99.2 

Gal- 
lons 
per 
min- 
ute. 

Hy- 
draulic 
horse- 
power. 

._ 

Boiler 
pres- 
sure. 

Lbs. 
95 
95 
97i 
90 
95 
95 
100 
974 
90 
95 

Tem- 
pera- 
ture of 
fe(Kl 
water. 

Mean 
effec- 
tive 
pres- 
sure, 
No.  40 
spring. 

52.8 

56 

59.8 

54.4 

52.8 

53.3 

51.4 

51.4 

54.3 

54.9 

Indi- 

Time. 

Engine. 

Pump. 

793 
800 
802 
798 
800 
802 
800 
800 
800 
800 

cated 
horse- 
power. 

11 15 

152 
150 
151 
151 
151 
151 
151 
151 
151 
151 

o  p 
188 
186 
175 
175 
175 
190 
180 
184 
170 
176 

46  2 

11.35   

48 

11.65 

5176 

12.30     

46.9 

1  00 

45  6 

1.80 

46 

2.0O 

44.3 

2.30 

44.3 

8.00 

46.8 

3.30 

47.4 

Average . 

151 

799.5 

85.7 

11.6 

97.2 

936 

23.39 

95 

180 

54.1 

46.7 

The  combined  efficiency  of  engine  and  pump  at  point  No.  4  is  50  per 
cent;  at  point  No.  3,  55  per  cent;  at  point  No.  2,  52  per  cent;  at  point 
No.  1,  39  per  cent.  The  oil  used  at  point  No.  4  was  crude  oil,  16.5^ 
Baum^,  costing  75  cents  per  barrel  of  42  gallons;  density,  0.975;  total 
used  for  test,  853.9  pounds  in  4.25  hours,  201  pounds  per  hour,  or 
24.7  gallons  per  hour,  costing,  therefore,  44.1  cents  per  hour  for 
fuel.  Water  evaporated:  Total  for  test,  10,473  pounds  in  4.25  hours, 
or  2,418  pounds  of  water  per  hour;  factor  of  evaporation,  1.0703; 
2,588  pounds  of  water  per  hour  from  and  at  212^  F.;  12.86  pounds  of 
water  from  and  at  212'^  F.  per  pound  of  oil;  51.8  pounds  of  steam  for 
all  purposes  per  indicated  horsepower  of  engine.  The  useful  work 
done  in  an  hour  is  4,970,000  foot-gallons,  at  a  cost  of  44.1  cents;  cost 
per  1,000,000  foot-gallons,  8.9  cents;  oil  per  1,000,000  foot-gallons, 
4.97  gallons;  cost  per  foot-acre-foot,  2.9  cents;  oil  per  foot-acre-foot, 
1.65  gallons. 

•This  plant  shows  a  higher  efficienc}^  and  lower  cost  for  fuel  than 
most  of  the  gasoline  plants.  The  first  seems  to  be  due  principally  to 
the  comparative  large  size  of  the  unit;  the  second,  to  this  and  to  the 
low  cost  of  the  fuel.  It  must  be  borne  in  mind,  however,  that  a  steam 
plant  requires  an  engineer  constantly  in  attendance,  whose  wages  alone 
would  make  the  cost  of  operation  double  the  fuel  cost  in  this  case. 
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The  results  of  tests  at  points  3,  2,  and  1  are  given  in  the  following 
table: 

Teat  of  plant  Xo.  17. 

POINT  NO.  3,  APRIL  13, 1904. 


Time. 

Revolutions 
per  minute. 

Difl. 
charge 
liead. 

Suctidh 
head. 

Feet. 
16.8 
16.6 
16.2 
16.1 

Total 
head. 

Gallons 
minute. 

Hydrau- 
lic horse- 
power. 

Mean  ef- 
fective 

pressure, 
No.  40 
spring. 

Indicated 
horse- 
power. 

En- 
gine. 

160 
150 
150 
150 

Pump. 

805 
805 
804 
804 

6.00          

f^t. 
79.8 
79.8 
78 
78 

Feet. 
96.1 
96.8 
96 
94.1 

1,093 
1,093 
1.093 
1,093 

PoufuU. 
67.9 
52.1 
66.1 
57.2 

49  6 

6.10 

44.6 

6.20 

48.1 

6.30 

49 

Average . . 

160 

804.5 

78.9 

16.8 

95.6 

1,098  1        26.51 

1 

55.8 

47.8 

1 

802  1 
800  1 

800  1 
805  1 

^OINT 

73.5 
73.6 
73.5 
78.5 

NO.  2,  AP 

14.6 
14.6 
14.2 
14.2 

RIL  14,  1904. 

11.00 

152  ' 
150  1 

150  1 

151  , 

88.2  1        1,054 
88.2          1,093 
87.7  I        1,054 
87.7  1        1,093 

56.00 
53.80 
64.44 
54.54 

47.75 

11.16 

46.10 

11.30 

46.64 

11.4.5 i 

47.04 

Average . . 

,M| 

802 

73.5 

14.4 

87.9  '        1,073 

23.98 

64.44 

46.88 

800 
800 
800 
800  1 
801 

POINT  NO 

1,  APRIL  14, 

1904. 

800 

150 
150  1 
150 
150  1 
150 

1 
70.8  1 
70.8  1 
70.8  1 
70.8 
70.8  i 

11.0 
11.4 
11.9 
12.1 
12.2 

81.8 
82.2 
82.7 
82.9 
88 

941 
941 
941 
941 
941 

59.8 

68.4 

68 

66.8 

60.4 

51.3 

3  15 

60.1 

3.30 

49.7 

3.45 

47.8 

4.00 

61,7 

Average.. 

150 

-i 

70.8 

11.7 

82.62 

941 

19.7 

68.5 

50.1 

Plant  No.  18. — This  plant,  owned  by  H.  Booksin,  Willow  Glen  dis- 
trict, Santa  Clara  Valley,  consists  of  a  75-horsepower  Corliss  steam 
engine;  44  inches  by  14  feet  return  tubular  boiler,  and  a  No.  6  single- 
runner  vertical  centrifugal  pump.  The  engine  cjdinder  is  11.6  by 
20  inches;  speed,  115  revolutions  per  minute;  belt,  12  inches.  The 
boiler  is  44  inches  in  diameter,  14  feet  long,  and  has  a  feed-water 
heater;  the  temperature  of  feed  water,  144°  F.  (average);  boiler  pres- 
sure, 95  pounds.  The  pump  has  inlet  and  outlet  openings  6  inches 
in  diameter;  32-inch  runner;  discharge  pipe  12  inches  throughout; 
one  6-inch  check  valve;  taper  connection;  one  long-radius  elbow;  suc- 
tion pipes,  5  in  number,  in  two  pits.  The  pump  is  belted  direct  with 
qiiaiter-turn  belt,  27-foot  centers.  The  water  was  measured  over  a 
36-inch  rectangular  weir,  placed  in  a  portable  weir  box.  The  static 
head  above  the  pump  is  48  feet  3  inches  (measured);  the  static  head 
below  the  pump,  6  feet  6  inches  (measured);  the  total  mean  lift,  64 
feet  9  inches.  In  this  plant  the  water  discharges  into  a  tank,  from 
which  it  passes  through  a  12-inch  main  to  the  distributing  system. 
The  mean  lift  is  measured  to  the  level  of  the  water  in  the  tank,  since 
the  discharge  is  below  the  surface.  The  results  of  the  test  are  as 
follows. 
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Test  of  plant  No.  18,  owned  by  H.  Bookginy  April  24y  1904- 


Time. 

Revolut 
min 

Engine. 

ions  per 
ute. 

DIs- 
charge 
head. 

Suction 
head. 

Total 
head. 

Qallons 
m^te. 

Hydrau- 
lic horse- 
power. 

24.7 

25 

24.4 

24.4 

25.3 

24.5 

24.7 

25.4 

25.5 

25 

Mean 

effective 

pressure. 

No.  40 

spring. 

Pounds. 
86.3 
87 
83.4 
84.3 
86.1 
81.3 
84.1 
85.8 
82.7 
81.9 

Indicated 
horse- 
power. 

Pump. 

12.00 

116 
116 
114 

520 
518 
513 

Ftet. 
48.5 
48.5 
48.5 
48.5 
48.5 
48.5 
48.5 
48.5 
48.5 
48.5 

Feet. 

.  10.9 
11.1 
10.8 
11 

11.6 
11.3 
11.1 
^2.1 
12.2 
11.6 

Feet. 
69.4 
69.6 
59.3 
69.5 
60.1 
69.6 
69.6 
60.6 
60.7 
60.1 

1,664 
1,669 
1,628 
1,646 
1,669 
1,628 
1,646 
1,664 
1,664 
1,661 

12.30 

1.00 

1.30 

114  '    516 

115  518 

113  512 

114  .    514 

115  1    518 
115      1    518 

2.00 

2.30 

3.00 

3.30 

4.00 

4.80 

114 

515 

Average . . 

114.6 

516.2 

48.5 

11.4 

69.86 

1,668 

26.09 

84.2 

50.61 

The  combined  efficiency  of  engine  and  pump  is  50  per  cent.  The 
oil  used  was  crude  oil,  16.6^  Baum^,  costing  75  cents  per  barrel  of  42 
gallons;  density,  0.956;  total  used,  730  pounds  in  four  hours  and  forty 
minutes,  or  156  pounds  of  oil  per  hour;  19.6  gallons  of  oil  per  hour, 
costing  35  cents  per  hour  for  fuel.  Total  water  evaporated  for  test, 
5,889  pounds  in  three  and  one-half  hours;  1,682  pounds  per  hour;  factor 
of  evaporation,  1.109;  1,865  pounds  of  water  per  hour  from  and  at 
212^  F.;  11.93  pounds  of  water  from  and  at  212^  F.  per  pound  of  oil; 
33.2  pounds  of  steam  for  all  purposes  per  indicated  horsepower  of 
engine.  The  useful  work  done  in  an  hour  is  5,420,000  foot-gallons, 
at  a  cost  of  35  cents;  hence,  cost  per  1,(X)0,000  foot-gallons,  6.46  cents; 
oil  per  1,000,000  foot-gallons,  3.6:2  gallons;  cost  per  foot-acre-foot,  2.1 
cents;  oil  per  foot-acre-foot,  1.17  gallons. 

The  exceptionall}''  low  fuel  cost  in  this  case  is  due  to  several  causes. 
The  first  of  these  is  the  cheapness  of  the  fuel,  the  second  is  the  com- 
paratively large  size  of  the  engine  and  pump,  third  the  good  arrange- 
ment of  machinerv,  and  fourth  the  type  of  engine.  The  first  three 
of  these  are  found  in  the  preceding  tost  (No.  18),  but  the  fourth, 
which  makes  up  the  difference  between  the  two,  lies  in  the  engine. 
An  engine  of  this  class  uses  steam  more  economically  than  a  slide- 
valve  engine.  This  shows  at  once  in  the  steam  consumption  per 
indicated  horsepower.  Test  No.  17  shows  steam  per  indicated  horse- 
power per  hour,  51.8  pounds;  test  No.  18,  steam  per  indicated  horse- 
power per  hour,  33.2  pounds.  The  boiler,  however,  is  not  working 
as  well,  as  seen  by  the  evaporation  per  pound  of  oil;  test  No.  17 
shows  water  evaporated  per  pound  of  oil,  12.85;  test  No.  18  shows 
water  evaporated  per  ix)und  of  oil,  11.93.  Both  these  effects  lie  out- 
iside  the  combined  efficiency. 

Plant  Xo,  i.9.— The  plant  owned  by  Floyd  Lundy,  Berryessa,  Santa 
Clara  Valley,  consists  of  a  40-horsepower  balanced  slide-valve  steam 
engine,  a  40-hors«power  return  tubular  boiler,  and  a  No.  4  single- 
runner  vertical  centrifugal  pump.     The  engine  cylinder  is  9  by  12 
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inches;  speed,  250  revolutions  per  minute;  pulley,  42  inches  in  diame- 
ter; belt,  10  inches.  The  boiler  dimensions  are  not  given;  the  feed 
pump  is  a  3  by  2  by  3  inch  duplex;  oil  fed  by  gravity;  feed- water 
heater;  temperature  feed  water,  123^  F.;  boiler  pressure,  100  pounds. 
The  pump  has  inlet  and  outlet  openings,  4  inches  in  diameter;  discharge 
pipe,  10  inches  throughout;  one  4-inch  check  valve;  taper  connections; 
one  long-radius  elbow;  two  suction  pipes,  5-inch  casing;  the  pump  is 
direct  belted  with  quarter-turn  belt  to  engine.  A  24-inch  Cipolletti 
weir,  put  in  by  our  party,  was  used. 

The  static  head  above  the  pump  ia62  feet  6  inches  (measured);  the 
static  head  below  the  pump,  8  feet  9  inches  (measured);  the  total  mean 
lift,  71  feet  3  inches.  This  pump  had  a  bad  upthrust,  heating  the 
lower  collar  box  at  the  pump  head.  The  results  of  the  test  are  given 
in  the  following  table: 

Test  of  plant  No.  19,  owned  by  Floyd  Lundy,  June  S,  1904. 


Time. 

Revolutions  per 
minute. 

Dls- 
chaive 
head. 

Fed. 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
63.4 
68.4 
68.4 
63.4 
63.4 

Suction 
head. 

FM. 
12.5 
13.3 
18.4 
13.4 
12.4 
12.4 
13.1 
12.1 
13.7 
13.9 
12.8 
12.8 

Total 
head. 

F^et. 
75.9 
76.7 
76.8 
76.8 
75.8 
75.8 
76.5 
75.5 
77.1 
77.3 
76.2 
76.2 

Gallons 
minute. 

582 
595 
582 
582 
609 
582 
582 
609 
609 
609 
582 
573 

draulic 
horse- 
power. 



Mean 

effective 

pressure, 

No.  40 

spring. 

Indicated 
horse- 
power. 

1 
En^ne.  Pump. 

1 
246          836 
246  1        836 
250  '        863 
245  1        834 
250  '        865 
244  1        832 

250  844 

244  1        843 

251  848 

252  1        855 

245  835 
262          860 

1.30 

Pounds. 
57.5 
58.1 
56 
56 
56.6 
55.6 
66.2 
54.9 
56.2 
55.4 
55.6 
56.7 

27.3 

2.00 

27.6 

2.30 

27 

3.00 

26.5 

8.20 

'^96. 8 

3.40 

26.1 

4.00 

26.6 

4.20 

25.8 

4.40 

27.2 

6.00 

26.9 

5.20 

25.8 

6.40 

27.6 

A  vprage , 

248  1        815 

1 

63.4 

13.0 

76.4 

591 

11.46  (         56.1 

26.76 

The  combined  efficiency  of  engine  and  pump  is  43  per  cent.  The  oil 
used  was  crude  oil,  17°  Baum^,  costing  75  cents  per  barrel  of  42  gal- 
lons; density,  0.954;  total  oil  used  in  test,  58.9  galjons  in  four  hours 
and  ten  minutes,  14.07  gallons  per  hour,  costing  25.1  cents  per  hour 
for  fuel.  No  test  of  water  evaporated  was  made.  The  useful  work 
done  in  an  hour  is  2,530,000  foot-gallons;  hence,  cost  per  1,000,000 
foot-gallons  is  10  cents;  oil  per  1,000,000  foot-gallons,  5.56  gallons; 
cost  per  foot-acre-foot,  3.3  cents;  oil  per  foot-acre-foot,  1.8  gallons. 
That  this  plant  does  not  equal  the  performance  of  plant  No.  17,  where 
the  same  type  of  engine  is  used,  appears  to  be  due  to  the  smaller  unit. 
The  performance  is,  however,  very  good. 

LABORATORT  TESTS. 

The  field  tests  which  have  just  been  described,  though  comparatively 
few  in  number,  give  a  very  fair  idea  of  the  combined  efficiencies  and 
fuel  costs  which  now  prevail  in  the  average  pumping  plant  in  opera- 
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tion.  How  much  of  the  variation  therein  is  due  to  difference  in 
arrangement  of  machinery,  to  neglect,  to  improper  speed  of  pump,  or 
to  different  types  of  pumps,  is  .to  be  determined  by  a  nmch  more 
extensive  investigation  than  the  one  completed  in  1904.  In  regard  to 
the  two  latter  causes  it  may  be  of  interest  to  present  the  results  of  tests 
made  in  the  hydraulic  laboratory  of  the  University  of  California. 
These,  of  course,  may  not  represent  actual  working  conditions;  in 
other  words,  they  are  made  under  the  best  possible  conditions,  but 
they  afe  all  made  under  exactly  the  same  conditions,  and  therefore 
show  most  perfectly  the  effect  of  variation  of  speed  or  head  on  the  effi- 
ciency of  the  pump,  and  the  relative  efficiencies  of  several  different 
makes  of  pumps. 

GENERAL  DESCBIPTION  OF  LABOBATOBY. 

The  water  supply  of  the  laboratory  is  contained  in  a  series  of  con- 
crete-lined tanks  sunk  in  the  floor  of  the  main  court  of  the  mechanical 
engineering  building  at  Berkeley.  One  of  these  tanks,  19  by  19 
feet  in  area  and  12  feet  deep,  is  used  as  a  storage  tank,  and  three 
others  of  the  same  depth,  and  ranging  from  7  by  7  feet  to  11  by  19 
feet  in  area,  are  used  as  measuring  tanks.  In  the  main  supply  tank 
two  8-inch  suction  pipes  are  hung,  each  provided  with  a  large  foot 
valve.  The  pump  to  be  tested  is  connected  to  one  or  the  other,  de- 
pending oh  whether  the  scroll  is  right  or  left  handed.  The  discharge 
is  passed  through  a  gate  valve  and  thence  to  a  trough,  which  conducts 
it  to  the  weir  box.  This  is  16  feet  long,  6  feet  wide,  and  2  feet  deep. 
The  water  is  passed  through  three  baffle  plate^  before  reaching  the 
weir.  This  latter  is  a  30-inch  rectangular  weir  with  sheet-iron  edges, 
and  the  discharge  can  be  either  returned  to  the  supply  tank  direct  or 
can  be  turned  into  any  one  of  the  measuring  t^nks  by  a  system  of 
sliding  gates  made  absolutely  tight  by  rubber  valves.  The  weir  has 
been  carefully  rated  by  passing  the  water  for  a  definite  time  into  a 
measuring  tank  and  noting  the  rise  of  the  surface  therein.  These  lat- 
ter have  been  gauged  by  pouring  in  weighed  quantities  of  water  and 
noting  the  rise.  For  ordinary  centrifugal  pump  testis  the  weir  alone 
was  used,  the  discharge  being  returned  directly  to  the  supply  tank. 
For  more  careful  tests  regarding  the  effects  of  the  diffuser  and  on 
triplex  plunger  pump  tests,  the  measuring  tank  was  used.  The  head 
was  measured  on"two  gauges  inserted  at  right  angles  to  the  suction  and 
discharge  pipes,  credit  for  the  difference  in  level  between  the  gauges 
being  also  allowed  the  pump.  These  gauges  are  carefully  compared 
with  a  mercury  column  and  with  a  standard-weight  gauge  tester  before 
each  test. 

The  mechanical  power  applied  to  the  pump  is  measured  on  a  20- 
horsepower  transmission  dynamometer,  which  in  its  turn  receives  its 
power  from  a  15-horsepower  direct-current  electric  motor.^  The  speed 
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of  the  pump  is  taken  at  intervals  on  an  ordinary  revolution  counter, 
and  is  also  shown  on  a  high-grade  tachometer.  This  latter  is  used 
principally  to  detect  variations  in  speed,  which  dan  be  checked  at  once 
and  the  speed  held  absolutely  constant  by  a  rheostat  in  the  field  of  the 
motor.  In  order  to  get  a  wide  range  of  speeds  for  different  tests  a 
series  of  ten  pulleys  from  4  inches  to  16  inches  in  diameter  are  used 
on  the  motor. 

In  making  a  test  the  pump  is  placed  in  position  and  connected  to  the 
suction  and  discharge.  The  smallest  pulley  is  put  upon  the  motor,  and  a 
measurement  of  power,  head,  and  discharge  made,  with  the  discharge 


Fig.  19.— Section  of  centrifugal  pump  used  in  te«t  No.  1. 

valve  wide  open.  The  discharge  valve  is  then  paVtly  closed, thus  increas- 
ing the  effective  head,  another  measurement  made,  and  so  on  till  the 
valve  is  entirely  shut.  Meanwhile  the  speed  is  held  constant  by  the  rheo- 
stat. The  next  larger  pullej^  is  then  placed  on  the  motor,  and  a  set  of 
measurements  made  on  a  higher  speed,  and  so  on  till  the  maximum 
capacity  of  the  motor  or  weir  is  reached.  The  efficiency  of  the  pump 
is  thus  determined  from  far  below  to  far  above  its  rated  capacity. 

In  the  following  tables  the  pump  speed  is  in  revolutions  per  minute; 
the  dynamometer  horsepower  is  the  actual  horsepower  applied  to  the 
pump  bj^  the  belt;  the  total  head  pumped  against  is  the  sum  of  the 
readings  of  the  two  gauges  corrected  for  errors,  and  expressed  in  feet  of 
water,  plus  the  difference  in  level  between  the  gauges  measured  in  feet; 
the  hj^draulic  horsepower  is  the  theoretical  horsepower  required  to  raise 
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the  water  through  the  given  head ;  the  efficiency  is  equal  to  the  hydraulic 
horsepower  divided  by  the  dynamometer  horsepower.  This  method 
of  expressing  the  efficiency  of  a  pump  charges  neither  the  friction 
head  of  the  piping,  nor  the  velocity  head  of  the  entering  water  against 
the  pump.  While  the  former  is  evidently  a  just  requirement,  since 
we  are  measuring  the  efficiency  of  pumps,  and  not  schemes  of  piping, 
it  is  not  so  clear  that  the  velocity  head  should  not  be  charged  against 
the  pump.  Still,  since  the  addition  of  taper  connections  and  enlarged 
discharge  pipes,  as  are  used  on  most  modern  plants,  tend  to  eliminate 
this  factor,  and  since  the  efficiency  is  usually  expressed  in  this  waj%  the 
definition  has  been  retained. 


CENTRIFUGAL   PUMPS. 

Test  No.  1. — No.  4  single-runner  horizontal  centrifugal  pump  with 
inlet  and  outlet  diameters  4  inches;  diameter  of  runner,  14  inches;  type, 
open  runner,  diverging  vanes;  vortex  obstructed  at  two  points  by 
bridging,  and  discharging  into  scroll.  Pulley,  10  inches  in  diameter. 
This  pump  is  of  the  open-runner  type,  that  is  to  say,  the  runner  con- 
sists of  four  blades  or  paddles,  not  connected  in  anj'  way  except  at 
the  hub.  The  general  dimensions  are  shown  in  the  sketch  (fig.  19). 
The  results  of  the  test  are  given  in  the  following  table: 

Results  of  teat  No,  1. 


No. 


Pump 
speed. 


I  Dynaniom- 1 
eter  horse- ,  Discharge, 
power.     I 


I  Hvdraulic  i 
Total  head,      horse-     ^  Efficiency, 
power.     I 


1 

Revolutions 

per  minute. 

All 

2 

All 

3 

604 

4...            

604 

5 

604 

6 

727 

7 

727 

8 

727 

9 

727 

10 

727 

11 

809 

12 

809 

13 

809 

14 

809 

16 

809 

16 

809 
809 
964 
964 
964 
964 
964 
964 

17 

18 

19 

20 

21! : 

22 

28 

24 

964 

26 

964 

26 

1,076 

27 

1.076 

28 

1,076 

29    

1,076 
1,076 
1.076 
1,076 
1,076 
1,170 
1,170 
1,170 
1,170 

80 

31     

82 

88 

84 

86 

86 

87 

38 -. 

1, 170  1 
1,170 

89 

1 

Cubic  feet 

per  second. 

Fert. 

Percent. 

1.14 

0.406 

12.2 

0.66 

49.1 

.54 

0 

12.7 

0 

0 

2.8S 

.891 

16.6 

1.68 

59.4 

2.28 

.587 

19.1 

1.27 

55.7 

1.07 

0 

19.2 

0 

0 

5.06 

1.221 

22.4 

8.11 

61.6 

4.38 

.966 

25.2 

2.78 

62.3 

3.94 

.785 

26.5 

2.21 

56.1 

3.30 

.604 

28.6 

1.64 

49.7 

1.72 

0 

30.2 

0 

0 

7.26 

1.422 

26.8 

4.33 

59.6 

6.72 

1.233 

29.3 

4.10 

61 

6.32 

1.088 

31.2 

8.86 

60.9 

6.75 

.938 

82.6 

8.46 

60.2 

5.10 

.746 

84.2 

2.90 

56.9 

4.00 

.438 

85.8 

1.78 

44.5 

2.28 

0 

36 

0 

0 

12.79 

1.806 

35.5 

7.28 

57 

11.98 

1.641 

38.8 

7.14 

59.6 

11.12 

1.441 

41.7 

6.82 

61.3 

10.19 

1.252 

44.8 

6.37 

62.5 

9.81 

1.028 

47.6 

5.64 

59.5 

6.95 

.592 

61.2 

3.44 

49.6 

4.11 

.093 

51.3 

.54 

18.1 

8.36 

0 

51.6 

0 

0 

18.00 

2.020 

42.2 

9.68 

53.8 

16.92 

1.828 

48 

9.98 

59 

15.70 

1.669 

49.1 

9.30 

59.2 

14.46 

1.481 

68.8 

9.06 

62.7 

13.38 

1.262 

57 

8.11 

60.6 

11.62 

1.022 

59.5 

6.91 

59.4 

8.59 

.528 

63.2 

8.79 

44.1 

4.78 

0 

63.5 

0 

0 

19.36 

1.669 

61.8 

11.70 

60.4 

18.40 

1.502 

66 

11.25 

61.1 

16.22 

1.221 

69.9 

9.69 

59.7 

13.76 

.891 

78.4 

7.48 

54 

9.86 

.429 

74.5 

3.63 

36.8 

6.09 

0 

75 

0 

0 
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The  results  of  the  test  are  best  shown  by  the  curves  on  figure  20. 
These  curves  are  typical  in  form  for  a  fairly  designed  centrifugal 
pump.  By  reference  to  them  it  will  be  observed  that  for  every  speed 
there  is  a  definite  head  at  which  the  pump  works  best,  and,  conversely, 
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Fig.  20.— Efficiency  curves,  test  No.  1. 
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for  a  given  head  there  is  a  definite  speed  at  which  the  pump  works 
most  efficiently.  These  matters  can  be  better  discussed  when  the  tests 
on  the  other  pumps  of  this  type  have  been  given. 
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Fig.  21.— Efficiency  curves,  test  No.  2. 


Test  No.  ^, — The  pump  is  a  No.  4  single-runner  horizontal  cen- 
trifugal pump,  similar  to  the  first  one  tested,  except  that  there  is 
slightly  di  fife  rent  curvature  to  the  runner  blades.  The  results  of  the 
test  are  as  follows. 
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Remits  of  teat  No.  S. 


No. 

Pump 
speed. 

Dynamom- 
eter hone- 
power. 

Discharge. 

Total  head. 

'  Hvdraulic 

horse- 
j     power. 

Efficiency. 

1 

Revolutions 

per  minute. 

455 

455 

533 

533 

583 

6?9 

629 

629 

629 

729 

729 

729 

729 

729 

729 

834 

834 

834 

834 

834 

834 

938 

938 

988 

938 

988 

938 

1,020 

1,020 

1,020 

1,020 

1,020 

1,020 

1,020 

1,085 

1.085 

1,085 

1,065 

1,085 

1,085 

1,065 

1.09 

.83 

1.79 

1.34 

.71 

8.09 

2.74 

1.93 

1.05 

5.21 

4.94 

4.36 

8.70 

2.56 

1.54 

7.64 

6.90 

5.89 

4.42 

2.93 

2.09 

11.55 

10.50 

9.62 

8.18 

6.40 

8.08 

14.35 

18.64 

12.74 

11.09 

9.38 

6.28 

4.26 

16.76 

15.74 

14.52 

12.39 

9.94 

6.93 

5.14 

Cvbicfeet 

per  second. 

0.411 

0 

.686 

.361 

0 

.966 
.762 
.875 
0 

1.221 

1.106 

.920 

.691 

.316 

0 

1.441 
1.227 
.926 
.692 
.151 
0 

1.669 
1.474 
1.272 
.992 
.688 
0 

1.783 
1.673 
1.396 
1.176 
.817 
.867 
0 

1.704 
1.602 
1.809 
1.040 
.691 
.267 
0 

Feet. 
9.8 
10.6 
11.5 
,  18.4 
*  18.8 
15.6 
17.8 
18.4 
18.9 
19.8 
21.4 
28.1 
24.2 
24.4 
24.7 
24.4 
26.8 
80.4 
82.3 
38 
88.5 
80 
88.9 
36.9 
41.6 
42 
42.5 
38.3 
41.5 
42.5 
47.3 
60.8 
63.5 
53.7 
47 

49.6 
53 
56.8 
59.3 
65.6 
66 

0.49 
0 

.89 

.55 
0 

1.68 
1.50 

.78 
0 

2.75 
2.69 
2.41 
1.90 

.97 
0 
4 

3.74 
8.20 
2.17 

.57 
0 

6.78 
5.68 
5.83 
4.67 
8.02 
0 

7.52 
7.41 
6.68 
6.32 
4.72 
2.17 
0 

9.09 
8.46 
7.88 
6.65 
4.66 
1.91 
0 

Percisnt. 
45 

2 

3 

4 

0 

49.7 
41 

5 

0 

6 

54.4 

7 

51.7 

8 

40.1 

9 

0 

10 

11 

52.8 
54.4 

12 

18 

56.3 
51.4 

14 

84.2 

15    

0 

16 

62.3 

17 

54.2 

18 

54.8 

19 

49.1 

20 

21 

19.4 
0 

22 

60 

23 

64 

24 

55.4 

25 

57.1 

26 

47.2 

27 

0 

28 

62.4 

»::::::::::...:: ::.::. 

80 

31 

32...: 

33 

54.7 
62.4 
56.9 
60.6 
84.6 

84 

36 

36 

37 

38 

0 

54.2 
53.7 
54.8 
53.7 

39 

46.8 

40 

41      

27.6 
0 

The  efficiencies  given  by  this  pump  are  distinctly  lower  than  those 
given  by  the  first  one.     The  results  are  shown  graphically  in  figure  21. 

Test  No.  3. — The  pump  is  a  No.  4  single-runner  horizontal  centrif- 
ugal pump.  The  inlet  and  outlet  openings  are  4  inches  in  diameter; 
both  are  in  the  axis  of  the  pump;  diameter  of  runner,  9  inches;  type, 
clo.sed  runner;  pulley,  6  inches;  discharging  against  guide  blades  which 
carry  the  water  back  to  axis  and  out.  The  results  of  the  test  are 
given  in  the  table  following. 
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RemJis  of  text  No.  S. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
84. 
85. 
36. 
37. 


No. 


Pump 
speed. 


r 


RevoliUums 
per  mintUe. 
1.089 
1,089 
1,089 
1,089 
1,089 
1,089 
1,089 
.  1,311 
1,311 
1.811 
1,311 
1,811 
1,811 
1,311 
1,311 
1,311 
1,311 
1,311 
1,468 
1,468 
1,468 
1,458 
1.468 
1,468 
1,458 
1,468 
1,468 
1,458 
1,627 
1,627 
1,527 
1,627 
1,627 
1,527 
1,527 
1,627 
1,627 
1,527 


Dynamom-,  '  Hydraulic 

eter  hone-  [  Discharge.  ITotal  head.i      horse- 


power. 


power. 


0.39 
4.30 
4.19 
4.03 
4.03 
4.03 
4.42 
.52 
7.33 
7.29 
7.07 
6.98 
6.86 
6.80 
6.90 
6.98 
7.33 
7.33 
.68 
9.94 
10 

9.94 

9.80 

9.49 

9.65 

9.76 

9.99 

10.10 

.60 

11.77 

11.66 

11.44 

11.33 

11.37 

11.44 

11.74 

11.99 

12.09 


Cubic  feet  \ 
I  per  seamd. 

1        "0         I 
.697  I 
.628 
.613 
.406  I 
.274  , 

no  I 

.914 
.833 
.746 
.660 
.672 
.494 
.393 
.290 
.170 

0 
aO 

1.064 
.908 
.795 
.681 
.528 
.438 
.253 
.179 

0 
«0 

1.181 

1.016 
.874 
.746 
.602 
.429 
.316 
.188 

0 


Feet. 

0 

15.26 
16.2 
18.26 
20.1 
21.7 
22.9 

0 

20.6 
21.7 
22.9 
24.3 
26.6 
27.7 
80 
32.3 
33.6 
36.3 

0 

24.7 
27.6 
29.6 
32.1 
34.7 
36 
40.4 
42.5 
42,7 

0 

25.9 
28.7 
31.9 
84.9 
88.8 
42.5 
46 
49.7 
61.1 


Efficiency. 


0 

1.21 
1.16  I 
1.06  I 

.98  ; 

.61 
0       I 
0       I 
2.14 
2.05  I 
1.94 
1.82  I 
1.66 
1.65  1 
1.84  I 
1.06 

.65  I 
0        I 


2.98  I 
2.84  ' 
2.67 
2.48  I 
2.08 
1.79  , 

1. 16 
.86  ' 

8    I 

3.33 
3.81  , 

3.17  1 
2.96  : 
2.66 
2.07 
1.65  I 

.62 
0        I 
I 


Percent. 
0 

28.1 
27.4 
26.8 
28.1 
16.1 
0 
0 

29.2 
28.1 
27.4 
26.1 
24.2 
22.9 
19.4 
16.2 
8.9 
0 
0 

80.1 
28.4 
26.9 
25.8 
21.9 
18.6 
11.9 
8.6 
0 
0 

28.8 
28.4 
27.7 
26.1 
23.3 
18.1 
14.1 
5.2 
0 


«  Afr  test. 
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The  very  low  efficiency  given  by  this  pump  appears  to  be  due  to 
two  causes — obstruction  of  the  discharge  and  circulation  within  the 
pump.  Both  of  these  are  fatal  to  good  operation.  Tt  will  be  noted 
that  the  pump  requires  as  much  or  more  power  to  drive  it  when  the 
discharge  valve  is  closed  and  it  is  delivering  no  water  at  all  as  when 
throwing  its  full  stream.  The  whole  power  in  the  first  instance  is 
absorbed  by  friction  and  circulating  currents,  and  these  latter  are  more 
or  less  destroyed  by  the  rush  of  the  stream  when  wide  open.  The 
poor  efficiency  when  pumping  full  open  is  due  to  obstructed  discharge. 
It  is  to  be  regretted  that  the  head  could  not  have  been  still  further 


Pig.  28.— S<*ction  of  pump  used  In  teat  No.  4. 

reduced,  so  as  to  give  a  clear  maximum  on  the  curves  (fig.  22),  but  it 
is  evident  that  the  last  points  are  quite  near  this  maximum. 

Teat  No.  i. — ^This  is  a  No.  4  single-runner  horizontal  centrifugal 
pump,  with  inlet  and  outlet  openings  4  inches  in  diameter;  inlet  axial, 
outlet  tangential;  diameter  of  runner,  14  inches;  type,  closed  runner; 
pulley,  9  inches;  discharging  into  scroll;  no  bridging.  This  pump 
has  a  closed  runner  of  the  ordinary  type,  '^finished-'  on  the  outside 
only.  The  passages  are  rough  cored  (fig.  23).  The  results  of  the 
test  are  given  in  the  table  following. 
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Remits  of  test  No.  4- 


No. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
84 
35 
86 
37 
88 
39 
40 
41 
42 
43 
44 
45 
46 


Pump 
speea. 


Dynamom-  | 

I  eter  horse- 1  Dischai^.  Total  head. 

'     power. 


Revoluiions 
per  minxUe. 
550 
550 
550 
560 
696 


696 
696 


800 
800 
800 
800 
800 
800 


1.004 
1,004 
1,004 
1,004 
1,004 
1,004 
1,004 
1,004 
1,004 
1,004 
1,102 
1,102 
1,102 
1,102 
1,102 
1,102 
1,102 
1,102 
1.102 
1,102 


1.69 
1.58 
1.22 
.66 
3.54 
3.47 
3.29 
3.05 
2.80 
2.42 
2.08 
1.27 
5.26 
5.05 
4.71 
4.02 
8.22 
1.74 
8.13 
7.86 
7.37 
6.88 
6.48 
5.72 
4.65 
2.77 
10.93 
10.83 
10.53 
10.28 
9.83 
9.36 
8.71 
7.82 
6.41 
3.43 
14.10 
14.10 
13.90 
13.61 
12.85 
12.07 
11.02 
9.32 
6.23 
4.63 


Cubicfeet 

per  second. 

0.602 

.518 

.307 

0 

.980 

.920 

.823 

.713 

.612 

.471 

.282 

0 

1.221 
1.082 
.885 
.697 
.447 
0 

1.454 

1.348 

1.209 

1.068 

.908 

.741 

.499 

0 

1.607 

1.573 

1.461 

1.322 

1.215 

1.113 

.938 

.789 

.574 

0 

1.676 

1.669 

1.627 

1.530 

1.376 

1.195 

.9»i 

.697 

.310 


Feet, 
15.6 
17 
18.4 
18.8 
20.7 
21.8 
23.7 
25.4 
27.1 
28.8 

•  30,5 
30.8 
26 
28.5 
31.5 
35 
38.7 
39.7 
32.2 
33.2 
37,1 
40.6 
43.6 
46.3 
49.3 
52.8 
34.8 
38.5 
42.4 
45.8 
49.3 
51.4 
54.6 
57.8 
61.1 
63.9 
35.5 
39 
48.6 
51.6 
55.8 
61.8 
66.4 
71.1 
74 
76.1 


Hydraulic 
horse- 
power. 


Efficiency. 


20 


1.06 
1 

.64 
0 

2.30 
2.28 
2.21 
2.06 
1.89 
1.54 

.96 
0 

3.61 
3.50 
3.16 
2.77 
1.96 
0 

5.31 
5.08 
5.09 
4.88 
4.49 
3.89 
2.79 
0 

6.35 
6.88 
7.02 
6.88 
6.80 
6.49 
5.82 
5.18 
3.80 
0 

6.76 
7.39 
8.98 
8.97 
8.72 
8.32 
7.48 
5.62 
2.61 
0 


Percent. 
62.1 
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Fig.  24.— Efficiency  curves,  test  No.  4. 
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The  efficiency  curves  are  of  the  ordinary  type  (fig.  24).  It  will  be 
noticed  that  the  highest  value  reached  is  about  71  per  cent  when  run- 
ning at  893  revolutions  per  minute  on  40.6-foot  head. 

Test  No,  5. — The  pump  was  a  No.  4  single-runner  horizontal  cen- 
trifugal pump,  with  inlet  and  outlet  4  inches  in  diameter;  inlet  axial; 
outlet  tangential;  diameter  of  runner,  18  inches;  type,  closed  runner; 


Fig.  25. — Section  of  pump  used  in  test  No.  5. 


pulley,  10  inches;  discharging  into  scroll,  no  bridging  (fig.  25).  This 
runner  is  ''finished"  on  the  outside,  and  one  side  of  the  inside  chan- 
nels is  '"finished."    The  results  of  the  test  are  as  follows: 

Remits  of  test  No.  5. 


No. 

Pump 
speed. 

Dynamom- 
eter horse- 
power. 

Discharge. 

Total 
head. 

Hydraulic 
norse- 
power. 

Efficiency. 

1 

Revolutions 
per  minute. 

1^ 

627 

!i 

627 
627 
726 
726 
726 
726 
726 
726 
726 
726 
804 
804 
804 
804 
804 
804 
804 
905 
905 
905 
905 
905 
906 

5.98 
5.82 
5.57 
5.18 
4.89 
4.84 
2.20 
9.44 
9.85 
9.27 
8.70 
7.94 
7.30 
6.05 
2.78 
12.73 
12.28 
11.56 
10.80 
9.96 
8.57 
S.88 
16.28 
15.22 
14.38 
12.67 
10.7 
6.14 

Cubic  feet 

per  second. 

1.829 

1.202 

1.082 

.956 

.883 

.660 

0 

1,601 
1.544 
1.467 
1.816 
1.106 
.891 
.623 
0 

1.669 
1.523 
1.389 
1.221 
.998 
.778 
0 

1.488 
1.809 
1.187 
.908 
.623 
0 

Feet. 
23.5 
26.2 
27.9 
29.9 
31.8 
33.6 
37.5 
29.5 
30.9 
32.9 
86.4 
89.3 
42.6 
46.3 
60.6 
89.2 
42.3 
45.6 
49.1 
52.6 
56.2 
62.8 
60.2 
63.8 
67.4 
71.0 
74.8 
81.0 

3.55 

3.58 

3.43 

3.24 

3.01 

2.52 

0 

5.36 

5.42 

5.48 

5.44 

4.94 

4.31 

8.27 

0 

4.43 
7.32 
7.19 
6.81 
5.96 
4.96 
0 

10.15 
9.65 
8.71 
7.32 
5.29 
0 

Per  cent. 
59  4 

2 

61  5 

3 

61  6 

4 

62  5 

6 

61  5 

6 

58 

7 

0 

8 

56.8 

9 

58 

10 

59 

11 

62.5 

12 

62.2 

13    

59 

14 

54 

15 

0 

Iti 

58.4 

17 

18 

19 

'20 

21 

22 

59.6 
62.2 
63 
59.8 
57.9 
0 

23 

24 

25 

62.5 
02.8 
60  6 

26 

57.8 

27 

49.5 

28 

0 
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Figure  26  shows  tlie  efficiency  curves  as  determined  by  this  test. 
These  five  efficiency  tests  are  the  only  ones  so  far  completed  on  cen- 
trifugal pumps.  Additional  tests  on  the  fourth  pump  were  made  to 
determine  whether  air,  churned  up  in  the  supply  tank  by  the  return- 
ing discharge  from  the  weir,  reached  the  suction  pipe  of  the  pump  and  ' 
affected  the  efficiency,  and  whether  the  efficiency  of  a  pump  working 
on  a  definite  head  and  speed  was  affected  by  the  way  in  which  that 
head  is  distributed  between  the  suction  and  discharge. 

The  first  of  these  is  easily  tested  by  running  a  test  in  the  ordinary 
way  and  then  turning  the  discharge  into  some  other  tank  and  repeating 
the  test.  The  results  in  the  two  cases  were  found  to  be  identical, 
showing  that  the  tests  had  in  no  way  been  affected  by  the  air  of  the 
return.     The  same  thing  was  tried  on  another  pump,  with  similar 
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Fig.  26.— EflSclency  curves,  test  No.  5. 
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results.  This  might  have  been  predicted  from  the  fact  that  the  suc- 
tion takes  its  water  from  a  point  6  feet  distant  from  the  point  of  return 
and  6  feet  below  the  surface. 

The  second  was  tested  in  the  following  manner:  A  gate  valve  was 
placed  in  the  suction,  as  well  as  in  the  discharge.  By  this  means  a 
given  total  head  could  be  maintained,  and  at  the  same  time  distributed 
in  any  way  between  the  suction  and  discharge.  The  results  showed 
that  the  distribution  of  the  head  between  suction  and  discharge  had  no 
effect  on  the  efficiency  of  the  pump.  The  pump  was  well  packed  in 
this  instance,  but  an  imperfect  packing  of  the  gland  would  doubtless 
have  shown  a  variation  in  favor  of  the  low  suction  head. 


TRIPLEX   PLUNGER  PUMPS. 


Test  No,  6, — The  pump  tested  was  a  single-acting  triplex  pump, 
2-standard  style,  with  plungers  5.5  inches  in  diameter;  6-inch  stroke; 
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inlet  opening,  5  inches  in  diameter;  outlet,  4  inches  in  diameter; 
ratio  of  gearing,  5  to  1;  pulley,  24  by  6  inches.  This  is  a  fair  type  of 
the  triplex  pump,  having,  however,  but  two  standards.  This  does 
not  give  the  steadiness  of  double-geared  four-standard  type.  The 
water  in  all  cases  was  measured  with  the  greatest  possible  care  in  the 
standard  measuring  tank.  The  total  number  of  revolutions  for  the 
entire  test  was  taken  on  a  revolution  counter,  and  the  speed  deduced 
therefrom.  The  pressure  was  measured  on  an  8-inch  test  gauge,  or  on 
the  platform-gauge  tester  direct.  The  latter  was  found  best  on  account 
of  excessive  vibrations  at  high  heads,  which  made  the  reading  of  an 
ordinary  gauge  almost  imx)ossible.     Since  the  efficiency  of  a  plunger 
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Fio.  27.— EflBciency  curve,  triplex  pump,  test  No.  6. 

pump  is  not  intimately  connected  with  the  speed,  as  is  that  of  the  cen- 
trifugal, the  test  was  made  at  but  one  speed.  The  test  resulted  as 
follows  (fig.  27): 

Te^  of  5\  by  6  iiich  triplex  jmmj). 


s^. 

?t«  ho^"  Discharge 

Discharge 
by  displace- 
ment. 

Percent- 

Total 
head. 

Hy- 
draulic 
horse- 
power. 

Efficien- 
cy. 

1 

2 

Revolutiotu 

per  minuie. 

64.8 

64.8 

2.88 
4.13 
6.71 
7.14 
8.89 
10.06 
12.17 

Cubicfeet 
per  second. 
0.262 
.262 
.260 
.255 
.260 
.260 

.'IMS 

Cubicfeet 
per  second. 
0.267 
.267 
.266 
.261 
.267 
.266 
.266 

1.87 
1.87 
2.25. 
2.30 
2.62 
2.25 
2.25 

Feet. 
82.4 
76.2 

122.5 

168.7 

215 

261 

807.2 

0.96 
2.26 
8.62 
4.88 
6.85 
7.70 
9.07 

Percent. 
88.8 
54.8 

8 

64.6 
63.4 
64.8 
64.6 
64.6 

68  8 

4 

68.4 

6 

71.4 

6 

76.6 

7 

74.5 

•    '  '             

Mean 

1 

2.20 



It  is  seen  here  that  the  efficiency  increases  rapidly  with  the  head. 
This  is,  however,  largely  a  matter  of  packing.     A  plunger  pump 
should  be  packed  only  tight  enough  for  the  particular  head  under 
30620— No.  15S— 06 16  u,y,L,^t.u  by  GoOglc 
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which  it  is  used.  It  is  probable  that  the  glands  were  packed  too  tight 
for  low  heads  in  this  pump.  The  pump  was  tested  just  as  receivQd 
from  the  manufacturer. 

Test  No,  7. — This  test  was  made  with  a  single-acting  triplex  pump, 

2-standard  style,  with  plungers  4  inches  in  diameter;  6-inch  stroke; 

inlet,  3  inches  in  diameter;  outlet,  2.5  inches  in  diameter;  ratio  of 

gearing,  5  to  1;  pulley,  20  by  4  inches.     The  test  resulted  as  follows: 

Test  of  4  by  6  inch  triplex  pump. 


Number. 

Pump 

eter  horse- 
power. 

Discharge 
by  tank. 

Discharge 

by  dis- 
placement. 

Percent- 
age of 
slip. 

Total 
head. 

Hy- 
draulic 
horse- 
power. 

Effi- 
ciency. 

1 

Sevolutkmt 
per  minute. 
64.4 
63.8 
68.3 
63.4 
68.9 

1.77 
8.19 
4.80 
6.42 
6.86 

Cubie/eet 
per  second. 
0.1361 
.1359 
.1888 
.1342 
.1348 

Cubic/eet 
per  second. 
0.1406 
.1392 
.1880 
.1384 
.1394 

3.14 
2.87 
8.04 
3.04 
3.87 

FeeL 
11.1 
100 
170 
289 
309 

0.17 
1.54 
2.68 
8.64 
4.73 

Percent. 
9.7 

2 

48  4 

8 

60 

4 

67  1 

5 

69 

Mean 

3.09 

The  resulting  curve  of  efficiency  is  shown  in  figure  28.     This  shows 
a  lower  efficiency  than  No.  6,  necessarily  true,  other  things  being 
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Fig.  28.— Efficiency  curve,  triplex  pump,  test  No.  7. 

equal,  on  account  of  the  smaller  size  of  the  pump.  The  effect  of  tight 
packing  is  well  shown  in  the  figure.  The  full-line  curve  shows  the 
efficiency  when  first  received  and  tested  the  same  day.  The  lower 
dotted  curve  shows  part  of  the  efficiency  curve  taken  a  few  days  later, 
when  the  packing  had  become  water-soaked  and  swelled. 

COHCLXTSIOHS. 

The  principal  results  of  the  field  tests  may  now  be  brought  together 
for  purposes  of  comparison. 
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In  looking  over  this  table  it  will  be  noticed  that  the  cost  per  1,000,000 
foot-gallons  with  gasoline  engines  (uniform  rating)  varies  from  9.8 
cents  to  27.8  cents.  The  first  of  these  is  obtained  with  a  large  and 
expensive  equipment,  and  the  latter  with  a  worn  and  leaking  pump  in 
a  small  station.  The  mean  cost  with  good  stations  of  moderate  size 
seems  to  be  about  16  cents.  For  electric  plants  the  cost  varies  from 
6.9  kilowatt  hours  to  12.3  kilowatt  hours,  or  from  14.7  cents  to  30.7 
cents  (uniform  rating).^  The  mean  value  for  the  best  plants  appears 
to  be  about  7  kilowatt  hours,  or  17.5  cents.  For  steam  plants  of 
from  40  to  100  horsepower  9  cents  per  1,000,000  foot-gallons  should 
cover  the  cost  of  fuel.  It  is  interesting  to  note  how  these  compare 
with  results  obtained  from  the  known  efficiencies  of  the  machinery. 
The  actual  power  necessary  to  raise  1,000,000  foot-gallons  in  an  hour 
is  4.21  horsepower.  The  efficiency  of  a  good  centrifugal  pump,  if 
running  at  exactly  the  correct  speed,  should  easily  reach  65  per  cent. 
Allowing,  however,  for  friction  in  pipes,  check  valves,  and  lost  veloc- 
ity head,  it  will  not  rise  much  over  60  per  cent,  and  in  fact  few  rise 
so  high.  This  requires,  then,  7  brake  horsepower  on  the  engine  or 
motor.  A  new  engine,  perfectly  adjusted,  will  run  on  one-eighth 
gallon  of  distillate  per  brake  horsepower  per  hour,  but  it  has  been 
our  experience  that  an  engine  in  service  some  time,  and  perhaps  not 
in  the  best  adjustment,  consumed  more  like  one-sixth  gallon  per 
indicated  horsepower  per  hour^.or,  say,  0.17  gallon  per  brake  horse- 
power per  hour.  Hence,  to  develop  7  brake  horsepower  will  require 
1.19  gallons  of  distillate,  which,  at  12  cents  per  gallon,  costs  14.3  cents. 
No  centrifugal  plant  which  we  tested  f dll  to  so  low  a  value  as  this,  the 
diflference  being  due  to  lower  efficiencies  of  engine  and  pump  than 
assumed  here.  Furthermore,  7  brake  horsepower  is  equal  to  about  8.2 
electrical  horsepower  at  the  meter,  or  6. 14  kilowatts.  One  of  the  plants 
tested  fell  even  below  this.  Finally,  7  brake  horsepower  means  about 
7.8  indicated  horsepower  in  a  steam  engine  cylinder.  A  good  engine 
of,  say,  50  horsepower  should  give  a  horsepower  hour  on  30  pounds 
of  water.  A  fair  tubular  boiler  should  evaporate  11  pounds  of  water 
with  a  pound  of  oil.  Hence^  the  7.8  indicated  horsepower  for  an  hour 
should  be  made  with  21.3  pounds  of  oil.  A  barrel  of  oil  weighs  about 
335  pounds  and  costs,  say,  75  cents.  Hence,  the  cost  of  pumping 
1,000,000  foot-gallons  should  not  exceed  4.8  cents.  All  stations  tested 
considerably  exceeded  this. 

The  main  quantities  which  aflfect  the  final  result,  so  far  as  the 
machinery  alone  is  concerned,  are:  First.  Size  of  plant.  The  larger 
the  plant  ^  the  more  efficiently  it  will  perform.  This  holds  for  both 
engine  and  pump.     Second.  The  condition  of  carrying  full-rated  load 

^  Uniform  rating  taken  at  12  cents  per  gallon  for  distillate  and  at  2}  cents  per  kil^ 
watt  hour  for  electrical  energy. 
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on  both  engine  and  pump.  An  engine  too  large  for  its  work  is  running 
uneeonomically .  Third.  The  niost  direct  possi ble  transmission  between 
engine  and  pump.  Fourth.  Large  suction  and  discharge  pipes,  with 
the  fewest  possible  number  of  bends.  Fifth.  Care,  cleanliness,  and 
intelligence  in  operation.  More  expense  is  incurred  by  neglect  of  the 
last  precaution  than  all  others  combined.  Minor  considerations  are  a 
low  suction  lift  and  a  free  check  or  foot  valve. 

In  selecting  the  kind  of  power  it  must  be  borne  in  mind  that  fuel  is 
far  from  being  the  only  cost  incurred.  An  electric  motor,  for  example, 
costs  practically  nothing  for  attendance  and  repairs.  A  gasoline  engine 
costs  but  little  for  attendance  when  in  good  running  condition,  but 
may  run  up  a  large  bill  for  repairs  if  not  intelligently  handled.  A 
steam  plant  requires  an  engineer  constantly  in  charge,  and  wages  here 
become  a  large  item.  But,  on  the  other  hand,  a  good  engineer  insures 
the  proper  care  that  machinery  of  this  class  should  have.  The  condi- 
tions are  so  varied  in  different  localities  that  no  fair  decision  can  be 
reached  as  to  which  of  these  forms  of  power  is  preferable,  but  the 
most  general  possible  statement,  which  must  be  taken  with  many  quali- 
fications, is  as  follows:  When  electric  power  is  obtainable,  it  is  best. 
For  small  plants  not  so  favored  the  gasoline  engine  is  the  only  resource, 
while  for  large  plants  a  good  steam  engine  may  give  better  satisfac- 
tion in  the  long  run.  For  very  large  installations,  or  where  many 
farms  combine  interests  for  pumping  purposes,  the  steam  central 
station,  with  electric  distributing  system,  is  by  far  the  best. 

The  accompanying  diagrams  may  help  the  prospective  irrigator  in 
estimating  roughly  the  cost  of  installation  and  operation  (fuel  only) 
of  a  proposed  pumping  plant. 

There  must  first  be  known  the  area  to  be  irrigated  (acres),  the  depth 
of  one  irrigation  (inches),  and  the  time  in  which  it  is  necessary  to  apply 
this  water.  These  latter  items  are  not  within  the  province  of  the 
present  chapter,  and  must  be  taken  from  a  knowledge  of  the  duty  of 
water  in  the  particular  locality  desired.  Knowing,  however,  the  first 
two  of  these,  the  total  amount  of  water,  in  million  gallons,  is  at  once 
taken  from  the  diagram  (fig.  29).  For  example,  if  80  acres  is  to  be 
covered  6  inches  deep  with  water  the  resulting  amount  is  13,000,000 
gallons.  The  third  item  may  be  given  either  in  the  actual  num- 
ber of  hours  of  pumping,  or  in  the  number  of  days,  together  with 
the  number  of  hours  which  constitute  a  day's  run.  These  being 
known,  the  quantity  to  .be  discharged  per  minute  can  be  read  from 
figure  30.  For  instance,  if  the  13,000,000  gallons  is  to  be  pumped  in 
twenty  days,  running  fourteen  hours  per  day,  the  course  of  the  dotted 
line  of  the  figure  brings  us  to  760  gallons  per  minute,  the  required 
capacity  of  the  pump.  On  this  depends  in  a  measure  the  size  of 
the  pump,  which  may  be  taken  from  the  builders'  rating,  or,  if  the 
pump  be  a  centrifugal,  directly  from  figure  30.     For  example,  in  the 
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case  just  cited,  760  gallons  per  minute  lies  between  the  lines  shown 
for  a  No.  5  and  a  No.  6  pump.  Hence  the  latter  would  probably 
be  taken.  This  determination  of  size  is  only  approximate,  as  centrifu- 
gals will  work  very  well  considerably  above  their  normal  rating. 


J     fO      /S     20    SS    JO    JS    ^O  ^S   so  SS     60    65     70    7S    60   65     90 

4G/f£S 
Fio.  29.— Millions  of  gallons  of  water  requiied  to  coyer  a  giren  area  to  a  given  depth. 

Sizes  of  plungers  and  the  other  types  of  pumps  must  be  taken  from 
the  builders'  i*ating. 

Now,  in  order  to  calculate  the  power  to  drive  the  pump,  it  is  neces- 
sary to  know  the  total  lift  under  working  conditions.     This  should 
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not  be  taken  from  the  mere  standing  level  in  the  surrounding  country 
before  pumping  is  commenced,  but  from  the  final  level  that  the  water 
takes  up  after  pumping  has  been  carried  on  for  some  time.  The  best 
way  to  find  this  is  to  hire  a  portable  plant  and  run  a  test  for  several 
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days.  If  this  can  not  be  done  the  level  should  be  estimated  by  noting 
the  fall  in  ground  water  in  neighboring  plants.  Reference  to  the  field 
tests  will  show  that  the  gross  efficiency  of  the  average  centrifugal 
pumping  plant  seldom  exceeds  50  per  cent,  rated  from  the  brake  horse- 
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power.  Reference  to  the  case  cited  on  page  238  shows  that  this  should 
reach  60  per  cent  or  over,  but,  allowing  something  for  probable  drop 
in  the  level  of  the  suction  and  other  possible  defects,  we  will  figure 
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our  engine  size  (brake  horsepower)  on  a  50  per  cent  efficiency  for  a 
No.  6  pump.  Larger  pumps  will  give  higher  and  smaller  ones  lower 
efficiencies.     Therefore,  for  a  centrifugal  pumping  plant,  the  neces- 
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eary  brake  horsepower,  by  which  engines  and  motors  are  rated,  can 
be  taken  from  figure  31.  For  instance,  with  the  discharge  of  760  gal- 
lons per  minute  and  lift  of  60  feet,  we  find  the  brake  horsepower 
necessary  will  be  22. 

Having  now  the  main  dimensions  of  the  proposed  plant  the  cost  of 
the  machinery  becomes  the  next  factor.  Taking  first  the  cost  of  the 
pump  we  may  get  a  rough  idea  from  the  annexed  diagram  (fig.  32). 
For  example,  one  No.  6  pump  will  cost,  f .  o.  b.  San  Francisco,  $160. 
This  is  the  pump  only,  including,  however,  a  foot  valve  and  pulley. 
Similarly  for  the  engine.     If  a  gasoline  engine  be  used  we  get  an  idea 
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Fia.  82.—- Approximate  cost  of  centrifugal  pumpft. 
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of  the  cost  of  a  first-class  engine  of  ordinary  type  from  figure  33,  if  it 
be  less  than  12  horsepower,  or  from  figure  34,  if  it  be  over  12  horsepower. 
In  the  figures  the  upper  curve  represents  approximately  the  highest 
prices  paid  for  such  engines,  and  the  lower  the  lowest  prices.  The 
heavy  curves  between  are  the  average  prices  paid.  The  diagrams  do 
not  include,  however,  certain  specially  high-priced  gas  engines,  nor 
do  they  include  very  cheap  engines.  The  powers  corresponding  to  the 
short  heavy  lines  are  the  ones  yhich  may  be  found  in  stock.  If  the 
required  power  falls  between  two  of  these  the  next  higher  must  be 
taken.  Taking  again  the  example  which  we  are  carrying  through, 
we  find  that  the  cost  of  an  engine  of  about  25-bi'ake  horsepower  would 
be  $1,200,  f.  o.  b.  San  Francisco.     Figure  35  gives  exactly  the  same 
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data  on  induction  motors.     For  instance,  the  nearest  motor  to  our 
required  22  horsepower  is  30  horsepower,  and  the  cost  of  this  will  be 
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about  ^00.^    The  prices  of  steam  engines  and  boilers  are  so  varied, 
and  the  data  so  far  obtained  are  so  limited,  that  no  curves  can  be  given 
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Fio.  34.— Approximate  cost  of  Ikrge  gasoline  engines. 

for  them.     The  same  applies  to  the  cost  of  boring  the  wells.     In  the 
most  general  terms  it  may  be  stated  that  the  cost  for  machinery  and 

o  These  are  approximately  fij^uree  for  July,  1904.    The  price  of  induction  motora 
has  been  very  greatly  reduced  during  the  past  year. 
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erection  alone  should  not  exceed  $80  per  horsepower,  and  for  the 
entire  plant,  including  wells  and  building,  $100  per  horsepower. 
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As  to  the  cost  of  producing  power  a  more  exact  statement  can  be 
made.     Reference  to  figure  36  will  give  the  cost  in  cents  per  hour  for 
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fuel,  which  should  not  be  exceeded  in  a  well-designed  plant  using  a 
good  gasoline  engine  and  centrifugal  pump.     For  example,  such  a 


^        ^     ^T^^    ^,     ^V  "    ^        S^        5        X     31        ! 

S^            N^^     ^^      S         N^     ^^     1        V     -U     i         ' 

S^      ^^   S^    "^^   S      S      S^      ^      t      C      L      ! 

^^       ^v    ^^    S^    \     \    ^v  '-5       4       I     't       ■ 

^        ^        ^   ^^   ^     V  ^^'  ^      V  I,*-    4      t      ! 

^s        ^^     ^     ^^     ^    ^v-^        V     ^        W     ^l        ■ 

^^      ^v      ^^^^^    X   X    ^^   V    J   St^i      ' 

^^      ^^^   ^^\  ^   S^ \'  I   5   K   l   4 

:s^        ^^      ^>.   ^v\^   S^^^X^V   \   4   ^      . 

^">^        ^i.      N    ^^ \\*\^S^iS   4  J  4          < 

^*            ^^        b>^^i.     \-  i»,-4^-*'V     ^     L     [I     ^            ! 

-             ^v^       ^s^     5s    ^^^i2^v3;^f=^--t-t=-^-' 

-i:^                   i>^        ^s.     ^^-'^^i.^^^^IS     S^    ^^^X     t     ! 

^^^     ^^  z^^^^\^^^^\^^^^V  tA  i  ' 

^^       ^^^   ^^   S>:^^^!!^^v^^A   n-t   ! 

"■^^  •' "'^^^  s^^is^s^^s^^rvv^ti  ' 

-               ^>^  ^^^^^^^^^s^z^'^zti^tX- 

l!e^^  ^=2:^  ^vX^S^Slx^Sll 

■■^'^-5^       ■->.      s.    vNN.-JfNN.NA  \)       . 

•^'i^^.   -V.  ^..^.vi\\\\\\\ 

-^.  -^.  ^.xM\K\\\\^ 

"                                                  "-v.  >.-sKNkN\\\\\V 

-   -                                             I^^S^^m 

j   ^--c<^%\W\ 

^^-Si^^Mn 

i          ^^V 

?^'S!555S!^5'^«^^      '"o      •*     [V)       CM      ,>i--i^ 

^       4l-s^'^2_ 

!„,,.  ^-^^fX/ 

:                                     ^ui^s^gi^z^ 

:                            ^^[2^^$^^ip 

.         _                           .         ._         .,n£^i>-'^-^^^1>:<t^j5^!^P 

^sj,^$>^^^^^^^i^ 

_,  jL2^^^^-"^--^^^/z^^^r 

^5J-    ^    ^^^7^;^^'^^?;^^|# 

=-=-     ^i"^  ^^  u'^t^t^^lt^'AzW/ 

-^       ^^''^Z^  *.^  ^  ^C^ ^^vZ^Zz. 

^^        ^   t^^"^ '^■^ ^^-^^ /lMCcZ^I 

,-="      ^^"'    ^^    L'^^^r:   :<^^ZZZZ52 

^^^  ^^^^^^^^^%tz^%wz/ 

-^^      ,2^4:=^^^^^=*^^^57^7|2Z 

"     ^^     ^^  J^J^y :iZ77^ai 

^^  ^<^^^\7 J^^J^zzuA^ 

^^      y^    ^cil/T ^Z,/L^t^z/ZZ^ 

^^      ^^^%    2^^^^SS22 

^^      y   ^^ -.^Z/T^ ZJ^'TZ 

^   ^^     ^   J" ^^ /^ ^X-Attf 

-^^    y  j^ y /  ^Jv^w^ 

^      ^^    /T y /.   z.JlZ'^2-1 

-  y  ^^y ^  Ayz7./i 

o      5 


I 


I 


'iJ! 


plant  lifting  760  gallons  per  minute  to  a  height  of  60  feet,  with  engine 
distillate  at  11  cents  per  gallon,  should  not  cost  over  40  cents  per  hour 
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to  run  (fuel  only).     The  same  plant  electrically  operated  (fig.  37) 
should  not  take  over  19  kilowatts  to  run,  and  if  power  be  bought  by 
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meter  at  the  rate  of  2.5  cents  per  kilowatt  hour  (fig.  38)  it  should  not 
cost  over  48  cents  per  hour,  but  if  the  rate  is  6  cents  per  kilowatt 
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hour  the  cost  will  be  nearer  $1.14  per  hour.     Similarly,  if  a  flat  rate 
of  $50  per  horsepower  year  be  charged,  and  it  is  run  two  thousand 


five  hundred  hours  in  the  year,  then  from  figure  39  the  cost  should  not 
exceed  51  cents. 
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It  must  be  understood  that  these  figures  are  approximate  only,  and 
are  not  intended  to  represent  what  any  plant  may  do,  but  a  limit 


beyond  which, 
operation. 


if    the  cost   rises,  it  shows    an    error  in  design  or 
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THE  DISTRIBUTION  AND  USE  OF  WATER  IN  MODESTO  AND 
TURLOCK  IRRIGATION  DISTRICTS,  CALIFORNIA. 

By  Frank  Adams,  Irrigation  AmHant. 
PTTBP08E  OF  BEPOBT  AND  CONDITIONS  PBOMPTINO  IT. 

California  will  some  day  be  the  home  of  many  times  its  present 
population.  This  will  be  accomplished  largely  through  the  econoinic 
utilization  of  its  14,000,000  acres  of  valley  agricultural  land.  p]leven 
million  acres,  or  nearly  80  per  cent  of  this  total,  is  included  in  the 
great  valley  drained  by  the  Sacramento  and  San  Joaquin  rivers  and 
their  tributaries.  Over  2  per  cent  of  the  great  valley,  or  a  quarter  of 
a  million  acres,  is  included  in  Modesto  and  Turlock  irrigation  districts, 
in  the  basin  of  the  San  Joaquin.  If  these  two  districts  are  to  do  their 
part  in  the  making  of  the  California  of  the  future^  they  will  have  to 
maintain  dense  rural  populations  and  supply  food  not  only  for  many 
dwellers  in  California  cities,  but  for  many  of  those  people  outside  of 
California  who  manufacture  the  goods  California  will  import.  This 
will  require  an  agricultural  awakening  now  hardly  dreamed  of  by  a 
majority  of  the  people  of  these  districts — an  awakening  that  will  cause 
an  approach  to  the  methods  and  results  of  old-world  agriculture.  Such 
an  awakening  recently  began  in  the  completion  of  Modesto  and  Tur- 
lock irrigation  systems,  for  the  turning  of  water  into  these  systems 
marked  the  commencement  of  the  change  from  the  luiprofitable  one- 
crop  dry  farming  of  the  past  two  decades  to  the  more  varied  and  more 
profitable  agriculture  under  irrigation  of  the  future. 

The  purpose  of  this  report  is  to  tell  of  the  organization  of  Modesto 
and  Turlock  irrigation  districts,  and  of  the  present  agricultural  and 
economic  conditions  in  these  districts,  and  to  state  the  detailed  results 
of  a  study  of  the  distribution  and  use  of  water  made  in  1904  by  the 
irrigation  and  drainage  investigations  of  the  United  States  Depart- 
ment of  Agriculture,  in  cooperation  with  the  State  board  of  examiners 
of  California  and  the  University  of  California.  The  study  had  its 
inception  in  a  resolution  of  the  board  of  directors  of  Modesto  irriga- 
tion district  requesting  the  United  States  Department  of  Agriculture 
to  make  such  investigation  of  the  various  questions  relating  to  the  use 
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and  distribution  of  water  in  Modesto  irrigation  district  as  would  asbist 
in  the  establishment  of  proper  rules  and  regulations  for  such  use  and 
distribution.  After  sixteen  years  of  planning,  endeavor,  and  dis- 
appointment, this  district  had  so  far  met  the  problems  of  finance  and 
construction  as  to  be  ready  to  deliver  water  to  the  farms  of  the  district. 
The  problems  presented  at  this  juncture,  however,  were  new  to  the 
people  of  these  districts.  On  the  one  hand  was  a  canal  ready  to  carry 
water;  on  the  other  were  a  hundred  or  more  widely  separated  farms 
ready  to  receive  it.  How  much  water  was  it  going  to  be  necessary  to 
deliver  to  each  farmer  for  each  acre  of  alfalfa  or  other  crop  irrigated? 
How  often,  and  by  what  method,  should  this  water  be  applied  to  the 
land?  How  much  water  was  it  going  to  be  necessary  to  turn  into  the 
head  of  a  16-foot  lateral  to  deliver  the  needed  amount  to  100  scattered 
acres  at  the  lower  end  of  this  lateral?  Should  each  irrigator  receive 
his  pro  i*ata  of  the  available  supply  as  a  continuous  stream,  or  should 
he  receive  a  larger  volume  for  a  shorter  period?  What  administrative 
officers  and  employees  were  going  to  be  needed  in  the  work  of  delivery 
and  how  should  they  be  organized  so  that  each  irrigator  in  the  district, 
whether  at  the  head  of  the  first  lateral  or  at  the  foot  of  the  last  one, 
should  receive  his  share  of  the  common  supply  with  that  certainty  and 
promptness  required  for  successful  irrigation  farming  in  a  dry,  hot 
climate?  How  far  was  it  going  to  be  necessary  to  restrict  the  choice 
of  individual  irrigators  as  to  time  and  method  of  water  delivery  so  as 
to  give  that  uniformity  of  system  without  which  no  plan  of  delivery 
would  be  successful  ?  In  a  word,  how  should  the  district  proceed  to 
make  the  best  use  of  the  water  it  had  obtained  at  the  cost,  measured 
in  money  alone,  of  1^1,250,000? 

In  a  way  the  questions  presented  to  Modesto  irrigation  district  were 
the  questions  presented  to  all  new  irrigation  enterprises;  yet,  they 
were  more  difficult  of  answer  and  more  far  reaching  in  their  applica- 
tion than  new  irrigation  enterprises  have  generally  had  to  meet. 
Here  was  a  system  that  covered  80,000  acies  of  irrigable  land,  to 
which  one  great  canal  was  to  deliver  water  to  farmers  having  no 
acquaintance  with  the  requirements  of  irrigation  farming,  yet  in 
which  all  were  coowners  with  the  right  and  obligation  of  jointly  con- 
trolling and  operating  for  their  mutual  benefit  the  water  supply  they 
had  made  available.  On  each  of  the  80,000  acres  of  land  was  a  bond 
for  its  share  of  the  million  and  a  quarter  dollars  of  indebtedness, 
and  to  each  acre  of  land  was  attached,  presumably  inseparably,  its 
share  of  the  district  water  right.  If  the  water  supply  should  run 
short  or  the  canal  break,  there  was  no  ownership  apart  from  the  irri- 
gators and  their  holdings  to  suffer  from  the  resulting  damage;  and  if 
the  adopted  system  of  distribution  should  prove  unsatisfactory  and 
inadequate,  the  irrigators  alone  would  be  responsible  for  devising  a 
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better  one.  Even  more  important,  as  showing  the  necessity  for  a  just 
system  of  distribution,  there  wa«  not  an  acre  of  land  within  the  dis- 
trict that  could  escape  its  proportion  of  the  annual  tax  for  mainte- 
nance, operation,  and  betterment,  regardless  of  whether  water  was 
applied  or,  if  applied,  regardless  of  the  quantity  used.  The  practical 
problems  of  use  that  met  the  district  as  a  unit  were  therefore  the 
problems  that  met  the  individual  landholders  and  irrigators,  impor- 
tant in  proportion  to  the  value  of  the  land  each  held  and  difficult  in 
proportion  to  the  character  and  location  of  the  holding.  To  ignore 
these  problems,  or  even  to  fail  in  their  solution,  meant  corresponding 
reduction  in  the  ability  of  each  landholder  to  get  back  from  the  land 
his  proportion  of  not  only  that  which  had  been  put  into  the  canal,  but 
also  of  the  taxes  that  would  be  levied  for  forty  years  to  pa^^  the  prin- 
cipal and  interest  on  the  outstanding  bonds. 

Modesto  irrigation  district  lies  on  the  north  side  of  Tuolumne  River, 
east  of  the  San  Joaquin  and  south  of  the  Stanislaus,  and  contains 
81,143  acres  (PI.  1).  On  the  south  side  of  the  Tuolumne,  principally 
in  Stanislaus  County,  but  also  extending  into  Merced  County,  lies 
Turlock  irrigation  district,  with  176,210  acres.  By  being  jointly  inter- 
ested with  Modesto  irrigation  district  in  diverting  works  from  Tuo- 
lumme  River  above  Lagrange,  with  conditions  and  needs  practically 
the  same  and  only  the  Tuolumne  separating  it,  Turlock  irrigation 
district  is  in  many  ways  one  in  interest  with  Modesto  district.  The 
two  were  organized  in  the  same  summer  and  met  substantially  the 
same  difficulties.  In  1901,  when  Turlock  canal  was  ready  to  carry 
water,  the  landholders  in  Turlock  district  faced  the  same  problems  of 
management  and  organization  that  came  to  Modesto  district  three 
years  later.  For  this  reason,  and  because  it  was  believed  the  two 
districts  will  continue  to  have  interests  and  difficulties  in  common,  the 
study  requested  of  the  Department  of  Agriculture  by  Modesto  dis- 
trict was  made  .to  include  also  Turlock  district. 

OTTTLINE  OF  THE  INVESTIGATION. 

The  investigation  with  which  this  report  deals  was  begun  the  latter 
part  of  March,  1904,  and  continued  until  both  Modesto  and  Turlock 
canals  were  closed  for  repairs  and  improvements  in  the  fall.  The 
subjects  under  consideration  were  as  follows:  (1)  The  organization  and 
history  of  the  districts;  (2)  the  basis  of  their  water  rights;  (3)  the 
extent  of  diversions  from  Tuolumne  River  in  1904  and  their  relation 
to  the  normal  flow  of  the  stream;  (4)  the  area  irrigated,  the  amount  of 
water  applied  in  1904,  and  the  losses  in  transit  by  seepage  and  evapora- 
tion; (5)  the  crops  grown  and  the  methods  followed  in  applying  water 
to  them;  (6)  the  rise  of  ground  water,  and  (7)  records  and  methods  of 
water  delivery  and  distribution. 
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HISTOKY  OF  MODESTO  AND  TXTKLOCK  IKKIOATIOH  DISTKICTS. 

OBGANIZATION. 

The  history  of  Modesto  and  Turlock  irrigation  districts  properly 
begins  with  the  failure  of  a  quarter  of  a  million  acres  of  fertile  valley 
land  to  yield  a  certain  and  rich  harvest  pmctically  without  cost  and 
without  work.  Lying  until  the  early  sixties  a  vast,  unfenced  pasture 
of  flowers,  clover,  and  alfileria,  the  land  surrounded  by  Stanislaus,  San 
Joaquin,  and  Merced  rivers  and  the  foothills  of  the  Sierra  Nevada, 
and  bisected  by  the  Tuolumne,  had  for  a  generation  after  farming 
began  in  the  San  Joaquin  Valley  been  an  agricultural  El  Dorado. 
Each  season  of  plowing  and  seeding  was  sure  to  be  followed  by  a 
bountiful  yield,  and  this  in  turn  was  followed  without  further  seeding 
by  at  least  one  and  often  two  volunteer  crops  which,  although  reduced, 
were  3'et  profitable.  The  people  were  happy  and  the  towns  prosper- 
ous. But  the  charm  of  this  life  broke.  The  time  came  when  instead 
of  two  or  three  crops  of  gmin  or  hay  to  one  plowing,  two  and  three 
plowings  and  an  alternate  season  of  summeV  fallow  were  necessary,  or 
clearly  would  bo  necessary,  to  raise  a  single  crop  of  the  old  propor- 
tions. With  the  failure  of  the  soil  came  a  fall  in  prices,  the  average 
value  of  a  cental  of  choice  wheat  deliveied  at  Modesto  during  the  five 
years  beginning  in  1881  being  $1.45,  as  against  $1.63  for  the  five  years 
preceding.  Then  the  people  commenced  to  talk  about  irrigation. 
While  it  is  doubtful,  judging  from  later  results,  if  man}'^  anticipated 
irrigating  grain,  the  progressive  farmers  were  almost  a  unit  in  believ- 
ing that  water  for  raising  green  feed  and  fruit  would  be  a  blessing 
well  worth  striving  for.  Sentiment  crystallized  in  favor  of  providing 
water  from  one  of  the  ample  streams  of  the  neighborhood,  but  no 
satisfactory  agreement  could  be  reached  as  to  the  necessary  details  of 
such  an  undertaking,  and  no  sufficient  encouragement  was  offered  for 
outside  capitiil  to  work  the  problem  out  independently  of  the  farmers. 

In  1878  a  law  was  passed  creating  an  irrigation  district,  to  be  called 
the  Modesto  irrigation  district,  and  to  include  the  land  lying  between 
Tuolumne  and  Stanislaus  rivers  from  San  Joaquin  River  east  to  the 
foothills.  A  corporation  was  authorized  to  be  formed  for  furnishing 
water  to  the  district  and  the  credit  of  the  State  and  Stanislaus  County 
was  loaned  for  the  payment  of  bonds  up  to  $500,000  in  amount,  cov- 
ering the  cost  of  canals  and  other  irrigation  works.  Nothing  substan- 
tial resulted  from  this  law,  but  with  it  and  other  enactments  as  a  basis, 
the  author  of  the  Wright  law,  himself  a  resident  of  the  territory  in 
question,  in  1887  submitted  to  the  legislature  the  draft  of  a  law  that 
proposed  to  enable  neighborhoods  in  like  condition  with  those  around 
Modesto  and  Turlock  to  organize  as  public  corporations  and  as  such 
to  raise  money  for  supplying  water  for  irrigation.     The  Wright  law 
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wats  approved  March  7,  1887,  and  before  the  middle  of  the  following 
July  Modesto  and  Turlock  irrigation  districts  had  been  declared 
organized  by  the  board  of  supervisors  of  Stanislaus  County. 

The  legislature  of  1897  enacted  a  new  law  for  the  organization  and 
government  of  irrigation  districts,  at  the  same  time  repealing  the 
Wright  law  and  its  supplementary  and  amendatory  acts,  so  far  as  they 
might  be  inconsistent  with  the  new  act.  This  act,  similar  in  its  gen- 
eral features  to  the  Wright  law,  was  approved  March  31,  1897,  and  is 
generally  known  as  the  irrigation  act  of  1897. 

OPPOSITION  TO  THE  DISTRICTS. 

When  the  districts  were  organized,  sentiment  was  not  unanimous  in 
their  favor.  Practically  all  wanted  water,  but,  especially  in  Modesto 
district,  there  was  determined  opposition  to  irrigation  under  the 
Wright  law  or  any  other  law  that  made  a  water  lien  general  and  forced 
taxes  to  be  paid  on  land  whether  water  was  used  on  it  or  not.  Land 
holdings  varied  in  size  from  160  to  2,000  or  3,000  acres,  with  proba- 
bly more  of  320  acres  than  of  an}'  other  size.  Many  of  those  whose 
holdings  were  free  from  debt  and  who  were  satisfied  to  continue  the 
old  exclusive  grain  farming,  and  therefore  did  not  want  to  sell, 
objected  to  paying  water  taxes  on  their  entire  holdings  when  they 
perhaps  wanted  to  irrigate  only  40  or  80  acres.  In  Modesto  district 
this  class  represented  about  one-fifth  of  the  area  of  the  district  and 
one-eighth  of  the  assessed  real  property.  To  increase  their  effective- 
ness in  their  fight  against  the  districts,  they  incorporated  ^'defense" 
associations  and  used  all  possible  means  to  defeat  the  incurring  of 
debt  and,  when  unsuccessful  in  that,  to  resist  its  payment.  An  action 
brought  to  confirm  the  organization  and  proceedings  of  Modesto  dis- 
trict was  contested  and  later  carried  to  the  United  States  Supreme 
Court.  To  further  harass  the  districts  the  opposition  landholders 
refused  to  pa^'  their  district  taxes,  and  when  their  lands  were  offered 
for  sale  under  the  district  law  by  the  district  tax  collector,  innumera- 
ble injunction  suits  were  brought  to  prevent  the  sales.  In  1897  the 
opposition  elected  a  majority  of  the  board  of  directors  of  Modesto 
district,  and  for  four  years  blocked  all  assessments  for  interest  due  on 
the  bonded  indebtedness  already  incurred.  Simultaneously  with  the 
attempts  to  defeat  the  existence  of  Modesto  and  Turlock  districts, 
similar  attempts  were  made  in  other  districts  organized  under  the 
Wright  law,  and  just  {it  the  time  construction  on  Modesto  and  Tur- 
lock canals,  already  several  times  delayed,  was  again  getting  under 
way,  a  decision  was  obtained  in  the  United  States  circuit  court  for  the 
southern  district  of  California  by  the  opponents  of  the  districts,  declar- 
ing the  Wright  law  unconstitutional  on  the  ground  that  it  provided 
for  the  taking  of  private  property  without  due  process  of  law.     At 

30620— No.  158—05 7 

Digitized  by  VjOOQIC 


98  IRRIGATION   AND   DRAINAGE   INVESTIGATIONS,  1904. 

this  decision  the  money  market  refused  to  take  more  bonds  and  work 
had  to  he  practically  suspended  until  a  final  ruling  could  be  obtained 
from  the  Supreme  Court  of  the  United  States.  This  was  obtained  in 
the  case  of  Fallbrook  Irrigation  District  r.  Bradley  et  al.,  decided 
November  16,  1896,  in  which  the  law  was  declared  constitutional  and 
the  ruling  of  the  circuit  court  reversed. 

Even  with  the  law  declared  constitutional  the  opposition  did  not 
cease,  and  the  final  outcome  of  the  enterprises  was  still  unceilain. 
Land  titles  were  so  clouded  that  sales  practically  ceased,  and  thousands 
of  acres  of  land  that  had  once  been  considered  worth  $30  and  $40  an 
acre  were  carried  on  the  county  and  district  assessment  rolls  at  one- 
third  of  these  values  or  less,  witli  no  sales  at  even  these  figures.  Not 
only  could  no  land  be  sold  at  figures  approaching  its  value,  but  land 
that  had  begun  to  fail  before  the  passage  of  the  district  law  in  1887 
was  now  even  more  diflScult  to  cultivate  profitably.  Although  in  two 
or  three  years  during  the  nineties  wheat  had  brought  a  fair  figure,  in 
1899,  1900,  and  1901  it  was  back  to  the  ruinous  prices  of  the  panic 
years  of  1898  and  1894.  Under  these  conditions,  to  continue  the 
wasteful  uncertainty  that  had  characterized  the  existence  of  Modesto 
and  Turlock  districts  for  more  than  a  decade  would  have  been  too 
great  a  burden  for  even  those  best  prepared  to  meet  it.  A  change  for 
the  better  in  the  finances  of  the  districts  and  in  the  attitude  of  the  oppo- 
sition was  therefore  inevitable.  This  change  was  grac'ual  during  the 
nineties,  but  perhaps  was  brought  to  a  head  in  1901,  on  the  one  hand 
by  a  sensible  court  decision  upholding  the  integrity  of  the  Turlock 
district  bonds  and  on  the  other  by  a  mandate  from  a  United  States 
court  ordering  Modesto  district  to  levy  an  assessment  for  bond  inter- 
est that  had  been  defaulted  since  1897.  During  this  year  each  district 
reached  an  understanding  with  its  bondholders,  in  Modesto  district 
resulting  in  the  bondholders  and  other  creditors  paying  three-fourths 
of  the  sum  necessaiy  to  complete  the  works,  and  in  Turlock  district 
resulting  in  a  settlement  with  all  creditors  and  bondholders  on  a  basis 
of  between  80  and  90  cents  on  the  dollar.  In  both  districts  forty-year 
5  per  cent  funding  bonds  were  exchanged  for  the  original  twenty- 
year  6  per  cent  bonds,  this  exchange  being  effected  under  authority  of 
a  law  passed  in  1901.  With  these  settlements  and  the  new  financial 
arrangements  effected  by  them,  opposition  to  the  districts  ended,  and 
those  who  had  been  relentless  against  the  districts  came  finally  to  be 
and  are  now  among  their  staunchest  supporter. 

GONSTBUGTION. 

Of  the  two  districts,  Turlock  district,  dating  from  June  6, 1887,  was 
the  first  organized.  The  first  engineer,  Mr.  George  Manuel,  estimated 
the  cost  of  a  system  from  Tuolumne  River  at  $467,544.62,  and  his  plaas 
were  adopted,  although  later  modified.     In  October,  1887,  $600,000  in 
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bonds  was  voted,  the  proceeds  of  which  were  to  be  used  in  construc- 
tion, but  it  was  not  until  1890  that  any  contracts  were  let.  In  June, 
1891,  jointly  with  Modesto  district,  a  contract  was  let  for  building  the 
diverting  dam  above  Lagrange,  and  this  was  completed  in  December, 
1893.  By  May,  1892,  it  was  apparent  that  sufficient  funds  had  not 
been  provided  and  an  additional  $600,000  was  voted.  Two  year.<?  later 
a  bid  was  accepted  for  building  the  remainder  of  the  system.  This 
last  bid,  however,  was  accepted  when  the  financial  affairs  of  the  dis- 
trict were  at  a  low  ebb,  and  in  less  than  six  months  work  under  it  was 
discontinued  and  the  contract  declared  forfeited  by  the  board  of 
directors  of  the  district,  l^ter,  on  the  representation  of  Judge  James 
A.  Way  mire,  this  contract  was  revived,  on  condition  that  Way  mire 
should  proceed  under  it  and  render  a  completed  system,  fit  for  the 
conveyance  and  distribution  of  water,  by  April  1,  1896,  at  a  total  cost 
of  not  to  exceed  $382,000.  At  the  time  of  this  agreement  the  money 
realized  from  the  sale  of  $708,000  worth  of  the  $1,200,000  in  bonds 
voted  had  been  spent.  Owing  to  the  difficultv'  of  disposing  of  the 
bonds,  due  to  the  pending  litigation  over  them,  Waymire  was  unable 
to  carry  out  his  agreement  within  the  time  limit.  In  fact,  the  princi- 
pal part  of  the  work  under  the  contract  was  done  from  1897  to  1901. 

On  July  18,  1887,  six  weeks  after  the  formation  of  Turlock  irriga- 
tion district,  Modesto  irrigation  district  was  organized.  Three  months 
later  Mr.  C.  E.  Grunsky,  C.  E.,  the  engineer  of  the  district,  submit- 
ted three  canal  routes,  one  with  Tuolumne  River  as  the  source  of 
supply  and  a  canal  on  the  north  side  of  the  river;  one  with  Stanislaus 
River  as  the  source  of  supply;  and  one  with  Tuolumne  River  as  the 
source  of  supply  and  a  canal  as  far  as  Hickman  on  the  south  side  of 
the  Tuolumne  jointly  with  Turlock  irrigation  district,  the  Modesto 
district's  share  of  the  water  to  be  piped  to  the  north  side  of  the  river 
from  Hickman.  A  fourth  plan  submitted  provided  for  part  of  the 
supply  to  be  taken  from  the  Stanislaus  and  i)art  piped  across  the 
Tuolumne  from  a  joint  canal  out  of  the  Tuolumne  carried  on  the  south 
side  of  that  stream  as  far  as  Hickman.  The  plan  first  adopted  was  the 
one  having  the  Stanislaus  as  the  source  of  supply,  the  estimated  cost 
being  $644,750.  The  plan  having  the  Tuolunme  as  the  source  of  sup- 
ply, with  the  canal  wholly  on  the  north  side  of  the  river,  and  estimated 
to  cost  $1,117,860,  found  little  favor  at  first,  and  the  modification  of 
this  plan,  submitted  by  Mr.  Luther  Wagoner,  under  which  the  canal 
was  finally  built,  was  not  chosen  until  August,  1890.  In  November, 
1887,  shortly  after  the  formation  of  the  district,  $800,000  was  estimated 
as  the  amount  of  money  necessary  for  the  works  of  the  district, 
and  this  amount  was  voted  in  December,  1887.  As  the  final  canal 
route  was  not  decided  on  until  1890,  construction  work  was  delayed 
and  the  first  contracts  were  not  let  until  the  last  of  that  year.  By 
July  1,  1895,  the  joint  diverting  dam,  the  headworks,  the  flumes  in 
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the  upper  9,000  feet,  and  all  the  earthwork  down  to  the  east  line  of 
the  district,  a  distance  of  about  22  miles,  had  been  completed  and 
accepted.  At  this  time  the  first  ^00,000  worth  of  bonds  voted  was 
^one,  and  although  an  additional  $850,000  was  voted  in  July,  1895, 
none  could  be  sold  and  construction  work  lapsed  until  1902.  In  July, 
1902,  contracts  were  let  for  completing  the  works,  and  the  construction 
called  for  by  them  was  accepted  October  6,  1903.  The  system  pur- 
chased at  a  total  cost  of  over  $1,250,000  was,  after  sixteen  years  of 
trying  vicissitudes,  finally  ready  to  receive  water. 

LITIGATION. 

Both  Turlock  and  Modesto  districts  were  in  litigation  almost  from 
their  organization  down  to  1901.  The  principal  suits  involved  the 
constitutionality  of  the  Wright  law  and  the  validitj^  of  the  district 
bonds.  In  a  decision  in  the  suit  of  Turlock  Irrigation  District  r. 
Williams,  delivered  May  31,  1888,  and  in  numerous  other  suits  the 
supreme  court  of  California  upheld  the  law,  but  it  was  not  until 
November  16,  1896,  when  the  United  States  Supreme  Court  decided 
the  case  of  Fallbrook  Irrigation  District  r.  Bradley  et  al.,  already 
referred  to,  that  a  final  ruling  was  reached  on  this  point.  The  regu- 
larity of  the  proceedings  of  the  districts,  principall}'  in  reference  to  the 
issuance  of  bonds,  was  at  stake  in  many  suits,  especially  those  involv- 
ing the  sale  of  land  for  delinquent  taxes,  but  no  decision  was  given 
establishing  material  defects  in  the  proceedings.  The  last  important 
suit  of  this  nature,  brought  ostensibly  to  test  the  legality  of  certain 
district  assessments  levied  to  pay  interest  on  bonds,  was  the  case  of 
Baldwin  et  al.  v.  The  Board  of  Directors  of  Turlock  Irrigation  Dis- 
trict et  al.,  decided  September  3,  1901.  Although  all  bonds  in  both 
districts  were  nominally  awarded  to  the  highest  bidders  after  due 
advertisement  according  to  law,  the  actual  sale  of  a  large  part  of  them 
was  etTected  through  the  contractors,  the  contracts  being  let  with 
the  understanding  that  the  contractors  should  either  accept  bonds 
for  work  or  find  a  market  for  them.  As  the  law  provided  that  bonds 
should  not  be  exchanged  for  work,  the  method  of  disposing  of  them 
adopted  by  the  districts  furnished  ground  for  attack  by  those  opposed 
to  the  district,  but  in  the  above-mentioned  case  the  court  found  not 
only  that  there  was  no  material  irregularity  in  the  issuance  of  the 
bonds,  but  that  those  in  possession  of  them  at  the  time  of  the  decision 
had  come  into  possession  without  any  knowledge  of  the  alleged 
irregularity,  and  (hat  therefore  the  bonds  were  valid.  This  suit  is 
interesting  as  being  the  one  that  finally  demonstrated  to  the  people 
of  Turlock  irrigation  district  in  clear  terms  their  obligation  to  the 
bondholdei's. 

The  trying  financial  difficulties  of  Turlock  and  Modesto  districts, 
which  seriously  menaced  their  existence  for  the  first  fourteen  yeai's 
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after  their  organization,  furnish  in  their  own  way  an  example  of  what 
has  had  to  be  overcome  in  legitimate  irrigation  organization.  After 
the  lapse  of  seventeen  years  there  is  not  apparent  any  glaring  unwis- 
dom in  the  organization  and  management  of  these  districts  during  the 
period  of  construction.  A  criticism  that  some  have  urged  against  the 
management  is  that  many  of  the  contracts  were  let  at  too  high  a  figure, 
yet  it  is  a  fact  that  some  of  the  largest  holders  of  contracts  lost  heavily, 
because  they  were  charged  with  the  necessity  and  the  responsibility  of 
selling  district  bonds  on  a  market  that  would  not  receive  them  at  a 
profitable  figure."  It  is  true  that  official  records  have  not  in  every 
case  been  kept  with  the  accuracy  and  precision  contemplated  by  law, 
yet  districts  to  be  organized  in  the  future  arc  to  be  warned  against 
duplicating  these  omissions  more  than  Modesto  and  Turlock  districts 
are  to  be  condemned  for  them.  There  never  was  a  time  when  the  real 
property  of  the  districts  was  not  worth  far  more  than  the  amount  of 
their  bonded  indebtedness,  yet  for  four  years  in  Turlock  district  and 
for  seven  years  in  Modesto  district  the  work  of  construction  was  sus- 
pended because  the  bonds  of  the  districts  could  not  be  sold.  If  the 
people  of  these  districts  had  foreseen  the  financial  stress  of  the  early 
nineties  and  the  flood  ot  general  litigation  over  the  Wright  law  that 
was  to  be  precipitated  from  causes  largely,  if  not  wholly,  outside  of 
Modesto  and  Turlock  districts,  they  undoubtedly  would  not  have  made 
the  almost  fatal  mistake  of  organizing  in  the  face  of  the  opposition 
that  was  both  extensive  and  bitter  from  the  start.  That  they  w^ere 
able  to  overcome  difficulties  in  spite  of  mistakes  was  due  to  the  great 
latent  resources  of  the  territory'  the  districts  comprised,  because  it 
was  inevitable  that  so  favored  an  area  should  be  put  to  a  higher  and 
more  economical  use  than  dry  farming  could  ever  make  possible. 

The  districts  are  to-day,  without  doubt,  financially  sound,  and 
although  their  securities  are  not  active  they  are  either  already  worth 
par  or  give  promise  of  soon  becoming  so.  Between  35  and  40  per 
cent  of  all  of  the  bonds  issued  thus  far  in  the  districts  are  held  by  the, 
owners  of  real  property  or  by  residents  in  one  or  the  other  of  the  dis- 
tricts. On  March  1,  1904,  the  total  outstanding  indebtedness  of 
Modesto  district  was  $1,388,511,  or  $17.10  for  each  of  the  81,143  acres 
in  the  district.  Substantially  one-fourth  of  the  district  taxes  are  paid 
in  the  city  of  Modesto,  leaving  an  average  indebtedness  for  the  farm- 
ing land  of  approximately  $12  per  acre.  On  May  1,  1904,  the  total 
indebtedness  of  Turlock  district  was  $1,130,400,  or  an  average  of  $6.41 

«  During  the  dark  days  of  the  districts  the  bonds  were  down  to  45  with  practically 
no  sales  at  that  fijnire.  Unpaid  interest  coupons  of  Modesto  district  were  seeking 
buyers  at  30  per  cent  of  their  face  value  and  without  finding  them  until  about  six 
months  before  the  agreement  was  reached  with  the  bondholders  by  which  the  orig- 
inal lx)nd8  were  funded.  At  this  time  many  <>f  these  unpaid  coupons  were  bought 
up  by  delinquent  taxpayers  and  turned  over  ty  the  district  in  settlement  of  delin- 
quent  taxes.  ^^^^  ,^^^  ^^  JoOglc 
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for  each  of  the  176,210  acres  in  the  district  On  September  10  of  the 
same  year  $200,000  of  additional  bonds  was  voted  for  making  perma- 
nent improvements  in  the  canal  system,  of  which  $75,000  wortB  have 
been  sold  at  par,  entirely  to  people  within  the  district,  increasing  the 
average  indebtedness  per  acre  only  about  40  cents.  The  annual  assess- 
ments in  both  districts  have  varied  with  the  assessment  rolls.  In  1904 
the  assessed  valuation  of  Modesto  district  was  $4,342,125  and  the  tax 
levy  $2.60  for  each  $100,  of  which  $1.55  was  for  bond  interest  and 
$1.05  for  construction,  maintenance,  and  operation.  This  required  a 
tax  of  approximately  $1  per  acre  on  the  farming  land.  In  Turlock 
district  the  assessment  roll  gave  a  total  of  $2,993,538,  and  the  tax  levy 
was  $3.30  for  each  $100,  of  which  $2.20  was  for  bond  interest  and 
$1.10  was  for  maintenance  and  operation.  This  required  a  tax  aver- 
aging $0.56  per  acre  on  the  land  in  the  district. 

WATEK  RIGHTS. 

Modesto  and  Turlock  districts  base  their  rights  to  water  from  Tuol- 
umne River  on  (1)  deeds  from  M.  A.  Wheaton,  dated  August  11, 1890, 
and  August  15,  1890,  conveying  to  Modesto  district,  and  to  Modesto 
and  Turlock  districts  jointly,  certain  land  and  water  rights  incident  to 
the  old  Wheaton  dam  and  ditch;  (2)  notices  of  appropriation  posted, 
respectively,  by  Modesto  and  Turlock  districts  on  June  21,  1890,  and 
on  January  5,  1889,  and  claiming,  respectiveh^,  250,000  and  225,000 
miner's  inches  measured  under  a  4-inch  pressure,  and  (3)  the  diversion 
and  use  of  water  since  the  building  of  the  two  canals.  Also,  it  is  prob- 
able that  should  any  litigation  arise  over  their  water  rights,  the  dis- 
tricts would  allege  riparian  proprietorship  and  riparian  rights.  The 
deeds  from  Wheaton  did  not  convey  any  definite  amount  of  water,  but 
"  the  first  and  original  water  right  under  which  water  was  first  diverted 
from  the  said  Tuolumne  River "  by  means  of  the  old  Wheaton  dam, 
which  was  located  on  the  site  of  the  present  joint  dam,  and  "  all  water 
and  water  rights,  if  any,  he  has  upon  or  appurtenant  to"  certain  lands 
at  the  site  of  the  old  Wheaton  dam.  The  original  filing,  under  which 
W^heaton  claimed,  was  that  of  the  Franklin  Water  Company,  organized 
November  30,  1854.  On  December  6,  1854,  the  French  Bar  Water 
Company  was  organized,  also  to  divert  water  from  the  Tuolumne. 
November  27, 1855,  the  Stanislaus  Water  Company  organized  and  suc- 
ceeded to  the  rights  of  the  Franklin  Water  Company  and  of  the  French 
Bar  Water  Company,  and  on  May  28,  1862,  these  ''rights"  came  into 
possession  of  one  Elam  Dye,  who  shared  their  ownership  with  two 
partners,  John  Bixby  and  John  Reedy,  the  last  named  getting  full 
possession  by  deeds  of  March  27,  1867,  and  May  7,  1868.  September 
6  and  16,  1870,  Reedy  deeded  the  property  to  Michael  Kelly,  who 
posted  a  new  notice  of  appropriation  May  1,  1871,  and,  June  26, 1871, 
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deeded  his  "entire  right,  title,  and  interest  in  the  Tuolumne  River 
and  all  its  privileges  of  water  and  otherwise"  to  J.  M.  Thompson, 
Charles  Elliott,  and  M.  A.  Wheaton.  By  various  deeds  of  August  26, 
1871,  November  8,  1871,  July  30,  1872,  January  27, 1873,  and  Decem- 
ber 31,  1873,  the  property  came  into  the  full  possession  of  Wheaton, 
including  any  rights  that  may  have  been  acquired  by  Wheaton  and 
others  through  a  notice  of  appropriation  of  600,000  miner's  inches 
under  a  4-inch  pressure  posted  May  18,  1872.  The  notices  of  appro- 
priation filed  June  21, 1890,  and  January  5, 1889,  by  Modesto  and  Tur- 
lock  districts,  respectively,  were  in  the  usual  form  and  were  the  last 
of  a  number  of  such  notices  posted  prior  to  these  dates  and  after  the 
districts  were  organized  in  1887. 

The  extent  of  the  use  of  water  since  the  construction  of  the  canals 
is  shown  elsewhere  in  this  report.  This  use  and  the  ability  of  the  dis- 
tricts to  divert  and  beneficially  apply  water  in  the  future  are  probably 
the  chief  measures  of  the  rights  as  they  exist  to-day.  Neither  district 
will  ever  be  able  to  either  divert  or  beneficiall}'^  use  the  full  volumes 
called  for  in  their  appropriation  filings.  Modesto  district  claimed 
250,000  miner's  inches  measured  under  a  4-inch  pressure,  or  5,000 
cubic  feet  per  second,  and  Turlock  district  claimed  225,000  miner's 
inches  measured  under  a  4-inch  pressure,  or  4,500  cubic  feet  per  sec- 
ond. As  planned  Modesto  canal  was  calculated  to  carry  640  cubic 
feet  per  second  and  Turlock  canal  1,500  cubic  feet  per  second,  but  up 
to  the  end  of  the  season  of  1904  the  maximum  diversion  by  the  former 
was  278  cubic  feet  per  second  and  by  the  latter  535  cubic  feet  per 
second.  However,  both  canals  are  now  being  enlarged,  and  further 
enlargements  will  doubtless  be  made  as  the  area  ready  to  receive  water 
in  the  districts  is  increased.  Whether,  during  the  years  construction 
was  suspended,  the  districts  used  due  diligence  in  carrying  out  the 
purpose  stated  in  their  approflriation  filing,  will  never  assume  any 
importance,  because  no  adverse  claims  to  the  Tuolumne  arose  during 
that  time.  Without  doubt  the  proj)er  diligence  has  been  exercised 
since  1901  and  will  be  in  the  future.  The  only  adverse  claim  that  has 
arisen  since  1901  is  that  of  the  Merced  Gold  Mining  Company,  which 
owns  a  small  ditch  in  the  mountains  near  Hamilton  Station,  built  some 
twenty  j^ears  ago,  but  abandoned  and  used  again  onl}^  during  the  last 
few  years.  October  6,  1903,  an  injunction  suit  against  this  ditch  was 
filed  bj'  Modesto  district  in  the  superior  court  of  Tuolumne  County, 
but  this  was  intended  chiefly  to  forestall  the  possible  acquirement  of 
a  prescriptive  right  and  has  not  been  pressed. 

Assuming  that  so  far  as  concerns  the  public  the  districts  have  a  clear 
title  to  so  much^water  as  they  will  be  able  to  beneficially  apply,  the 
relative  rights  of  the  two  districts  are  presumably  fixed  by  an  agree- 
ment  entered  into  bj-  the  districts  August  9,  1890,  providing  for  the 
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construction  of  the  joint  dam  at  Lagrange.     The  portions  of  this 
contmct  relating  to  water  rights  are  given  herewith: 

All  water  diverted  by  means  of  said  dam  shall  be  divided  and  distributed  between 
said  districts  in  proportion  to  the  number  of  acres  in  the  respective  districts. 

It  is  further  understood  and  agreed  that  in  case  either  district  shall  acquire  any 
additional  water  rights,  privileges,  or  rights  in  stored  water  above  said  dam,  the 
other  district  shall  have  the  privilege  of  sharing  in  such  property  by  paying  therefor 
within  sixty  days  after  written  notice  of  the  intention  to  purchase,  or  the  acquisition 
of  such  proj)erty,  its  proportional  part,  of  the  cost  and  expense  thereof,  said  cost  and 
the  water  so  acquired  to  be  divided  in  proportion  to  the  number  of  acres  embraced 
in  the  respective  districts. 

As  the  area  of  Modesto  district  (81,143  acres)  is  roughly  one-half 
that  of  Turlock  district  (176,210  acres)  the  water  is  at  present  divided 
between  them  at  the  rate  of  2  cubic  feet  per  second  to  Turlock  district 
for  each  cubic  foot  per  second  diverted  by  Modesto  district.  When 
the  districts  become  more  fully  developed  an  effort  will  probably  be 
made  to  carry  out  the  exact  terms  of  the  contract. 

There  is  one  ditch  on  Tuolumne  River — that  of  the  Lagrange  ditch 
and  Hydraulic  Mining  Company — holding  an  earlier  water  right  than 
either  Modesto  or  Turlock  canals.  This  ditch  heads  in  the  canyon 
some  10  miles  above  Lagrange  dam  and  follows  the  south  bank  of  the 
Tuolumne  to  the  vicinity  of  Lagrange  dam,  where  it  makes  a  detour  to 
the  south  and  west,  supplying  water  to  the  town  of  Lagrange  and  to 
mining  properties  held  by  its  owners.  This  ditch  has  a  claimed 
capacity  of  100  cubic  feet  per  second,  but  it  has  carried  under  50  cubic 
feet  per  second,  when  in  operation,  during  the  past  few  years. 

MODESTO  AND  TUKLOCK  CAH ALS. 

The  diverting  works  and  canals  of  Modesto  and  Turlock  districts 
are  of  modern  type  and  for  the  most  part  substantially  constructed. 
Lagrange  dam,  by  which  water  is  "diverted  into  both  canals,  is 
recognized  by  engineers  as  a  well-designed  and  well-built  structure, 
and  at  the  time  of  its  completion,  December,  1893,  had  the  distinction 
of  being  the  highest  overflow  dam  in  the  United  States.  It  is  built 
of  uncoursed  nibble  masonry  laid  in  cement  concrete,  cost  $550,000, 
and  is  located  in  the  channel  of  Tuolumne  River,  1^  miles  above  La- 
grange. 

Modesto  canal  leaves  the  Tuolumne  on  the  right  bank  of  the  river 
at  the  north  end  of  the  dam,  and  Turlock  canal  heads  directly  oppo- 
site, just  above  the  south  end,  for  the  first  600  feet  tunneling  through 
solid  rock.  For  the  first  5  miles  both  canals  pass  through  rough 
foothill  country,  where  heavy  construction  was  encountered,  and 
fifter  that  follow  the  open  foothills  until  the  main  plain  of  San 
Joaquin  Valley  is  reached,  15  miles  west  of  Lagrange.  Below  this, 
and  for  the  rest  of  their  lengths,  both  canals  and  their  branches  or 
laterals  follow  the  nio?*e  even  slopes  of  the  valley,  in  some  cases 
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Plate  II. 


Fig.  1  .-A  1 5-Fcx)T  Concrete  Drop  on  Modesto  Canal. 


Fig.  2.— Section  of  Turlock  Canal,  Showing  Concrete  Lining  of  Lower  Wall. 
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departing  but  little  if  any  from  the  general  section  lines.  Modesto 
canal  entei*s  Modesto  district  3  miles  west  of  Waterford  and  20  miles 
west  of  Lagrange  dam.  Below  this  point  it  follows  a  general  north- 
westerly direction,  the  laterals,  eight  in  all,  leading  to  the  west  and 
covering  the  various  parts  of  the  district.  Turlock  canal  enters  Tur- 
lock  district  4  miles  east  of  Hickman,  a  small  town  on  the  south  side 
of  the  Tuolumne,  1^  miles  south  of  Waterford.  One  mile  southwest 
of  Hickman  it  branches  into  Turlock  main,  which  runs  south  to  within 
5  miles  of  Merced  Kiver,  and  feeds  laterals  2,  3,  4,  5,  6,  and  7,  and 
Ceres  main,  which  continues  west  to  within  1^  miles  of  Cere^,  where 
it  turns  south,  crossing  lateral  2  and  extending  to  lateral  3.  Modesto 
canal  has  a  length  of  45  miles  and  the  eight  laterals  an  aggregate 
length  of  81  miles.  The  upper  portion  of  the  main  canal  varies  in 
width  from  18  to  44  feet  and  in  grade  from  1  foot  in  5,000  feet,  where 
the  bottom  width  is  44  feet,  to  7i  feet  and  9  feet  in  5,000,  where  the 
bottom  width  is  18  feet.  The  laterals  are  12  and  14  feet  wide  and  1.8 
feet  deep,  and  vary  in  grade  from  1.8  feet  to  3  feet  in  5,000,  according 
to  the  width.  Turlock  canal,  from  Lagrange  dam  to  the  division 
below  Hickman,  has  a  length  of  23  miles.  The  length  of  Turlock 
main  is  11  miles  and  of  Ceres  main  14  miles.  The  aggregate  length 
of  the  eight  laterals  is  85  miles.  Above  the  division  point  below 
Hickman  the  main  canal  varies  in  bottom  width  from  20  feet  near  the 
lead  to  70  feet  through  the  lower  foothill  region  and  the  plains.  The 
grade  varies  from  1  foot  to  8  or  9  feet  per  mile.  The  two  main 
branches  below  Hickman  are  from  30  to  40  feet  wide,  and  vary  in 
grade  from  1.58  feet  to  3.16  feet  per  mile.  The  laterals  begin  with 
bottom  widths  of  20  feet  and  diminish  to  12  feet,  and  the  grades  aver- 
age,2.5  feet  per  mile. 

The  financial  difficulties  encountered  by  Modesto  and  Turlock  dis- 
tricts during  the  periods  of  construction  compelled  in  some  cases  the 
use  of  temporary  structures.  It  is  the  policy  of  the  districts  to  replace 
hese  from  time  to  time  by  permanent  works,  so^hat  interruptions  in 
the  canal  flow  and  expenses  of  maintenance  shall  be  reduced  to  a  mini- 
mum. This  installation  of  permanent  structures  has  already  begun  in 
both  districts.  Both  canals  have  a  large  number  of  timber  drops 
and  also  consideiTible  lengths  of  wooden  flumes— 8,932  linear  feet  in 
13  structures  on  Modesto  canal,  and  2,800  linear  feet  in  5  structures 
on  Turlock  canal.  Modesto  district  has  already  installed  two  concrete 
drops  instead  of  timber  structures  (PI.  H,  tig.  1)  and  is  preparing  to 
replace  in  the  next  few  years  2,950  feet  of  wooden  flume,  beginning 
at  the  regulating  gate,  near  Lagrange  dam,  with  an  all  concrete  chan- 
nel. About  4,000  feet  of  the  channel  has  already  been  lined  wholly 
or  in  part  with  concrete,  and  a  substantial  concrete  conduit  60  feet 
long  and  40  feet  wide  has  been  placed  over  Litts  Creek,  a  small  stream 
well  down  in  the  district    All  of  the  flume  work  on  Modesto  c^m\ 
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below  the  2,950  feet  at  the  he^d  in  substantially  built  and  will  last  for 
many  years.  It  is  supported  chiefly  by  standard  railroad  bents  rest- 
ing on  concrete  piers.  The  longest  of  the  high  flumes — that  over  Dry 
Creek,  which  contains  1,000  linear  feet — rests  partly^  on  a  steel  span. 
Long  stretches  in  the  upper  2  miles  of  both  Modesto  and  Turlock 
canals  were  originally  built  with  the  lower  wall  of  clay  puddle  between 
hand-laid  slate-rock  walls.  These  did  not  prove  satisfactory,  owing 
to  the  decomposition  of  the  slate  rock,  and  it  has  been  necessarj'  to 
line  these  sections  with  concrete.  The  concrete  lining  on  Modesto 
canal,  already  mentioned,  was  largely  built  to  replace  such  a  wall. 
Tuilock  district  has  lined  the  outside  wall  of  its  canal  in  this  way  for 
the  first  4,800  feet  of  its  length  (PI.  II,  fig,  2).  It  now  contemplates 
even  more  costly  permanent  improvements  by  replacing  300  feet  of 
high  wooden  flume  over  Morgan  Gulch,  one-half  mile  below  Lagrange 
dam,  b}^  three  lines  of  6-foot  inverted  steel  siphon,  solidly  embedded 
at  each  end  in  concrete  masonry,  or  by  a  flume  carried  on  a  steel  span. 
It  is  now  replacing  1,540  feet  of  troublesome  low  wooden  flume 
through  Snake  Ravine,  1  mile  below  Lagrange  dafh,  by  a  canal  section 
shelved  into  the  sidehill,  with  a  concrete  retaining  wall  on  the  lower 
side.  The  cost  of  these  two  improvements  will  approximate  $47,000. 
Improvements  costing  $11,000  are  also  being  made  in  a  high  wooden 
flume  across  Delaney  Gulch,  5  miles  below  Lagrange  dam.  The 
inverted  steel  siphons  across  Morgan  Gulch  will  be  an  innovation  in 
these  districts,  and  if  they  are  adopted  and  prove  satisfactory  several 
of  the  other  ravines  in  the  system  will  be  crossed  in  the  same  way. 
The  plans  for  these  structures,  designed  by  Mr.  S.  Fortier,  C.  E., 
provide  for  five  lines  of  pipe,  having  a  total  capacity  of  1,500  cubic 
feet  per  second,  but  only  three  lines  will  be  installed  at  the  starts 
these  three  lines  to  cost  $21,000. 

The  diverting  and  regulating  works  of  lx)th  Modesto  and  Turlock 
districts  are  thoroughly  well  built,  and  are  of  a  permanent  chamcter. 
Lagrange  dam,  alrAdy  mentioned,  was  designed  principally  by  Mr. 
Luther  Wagoner,  C.  E.,  at  one  time  engineer  for  Modesto  district, 
and  constructed  chiefly  under  the  supervision  of  Mr.  E.  H.  Barton, 
C.  E.,  at  one  time  engineer  for  Turlock  district.  The  principal  struc- 
tures on  Modesto  canal,  including  head  gates,  sluice  gates,  regulating 
gates,  flumes,  and  drops,  were  designed  by  Mr.  Otto  von  Geldern, 
C.  E.,  and  installed  under  the  direction  of  Mr.  Milo  Hoadley  and  Mr. 
H.  S.  Crowe.  The  latter,  at  present  engineer  and  superintendent  of 
the  district,  also  laid  out  and  constructed  the  main  canal  and  its 
branches  within  the  district.  In  addition  to  Mr.  E.  H.  Barton, 
engineer  for  Turlock  district  during  the  construction  of  Lagrange 
dam,  those  principally  in  charge  of  designing  and  constructing  Tur- 
lock canal  and  regulating  works  were  Mr.  George  Manuel,  C.  E.,  and 
Mr.  R.  H.  Goodwin,  C.  E. 
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Turlock  canal  was  originally  planned  to  carry  1,500  cubic  feet  per 
second,  and  Modesto  canal  was  planned  to  carry  640  cubic  feet  per 
.second.  The  largest  amount  3^et  carried  by  the  former  is  535  cubic 
feet  per  second,  carried  in  1904,  and  by  the  latter  278  cubic  feet  per 
second,  also  run  in  1904.  The  improvements  now  contemplated  or 
being  made  in  Turlock  canal  will  increase  its  capacity  in  the  improved 
sections  to  900  cubic  feet  per  second — 1,500  cubic  feet  per  second 
through  Snake  Ravine — but  it  is  probable  that  not  more  than  600 
cu})ic  feet  per  second  will  be  run  until  after  Peaslee  flume,  now  cross- 
ing Peaslee  Gulch  on  high  trestles,  is  replaced  by  a  new  flume  or 
inverted  steel  siphons.  The  latter  are  estimated  to  cost  $24,500,  if  a 
capacity  of  900  cubic  feet  per  second  is  provided,  or  $39,000  if  a 
capacity  of  1,500  cubic  feet  per  second  is  provided.  This  improve- 
ment is  planned  for  1905.  With  the  improvements  now  in  progresp 
completed,  Modesto  (*anal  is  expected  to  carry  500  cubic  feet  per 
second. 

RAIHFALL. 


No  records  of  precipitation  are  kept  in  Modesto  or  Turlock  districts 
by  the  Weather  Bureau  and  consequently  no  complete  rainfall  data 
are  available.  The  Southern  Pacific  Company  and  several  individuals 
have  kept  records  which,  although  fairly  coniplete,  difl'er  some  from 
each  other.  One  of  the  most  complete  records  has  been  kept  by  the 
Grange  Company  at  Modesto,  and  a  copy  of  this  from  1889  through 
1904  is  inserted  below.  The  avemge  annual  rainfall  is  seen  to  be  12.10 
inches,  falling  principally  from  October  to  April,  both  inclusive.  The 
precipitation  during  the  five  months  from  May  to  September  is  in  every 
case  small,  although  in  some  years  a  quite  heavy  fall  has  occurred  in 
one  of  these  months.  For  all  pmctical  purposes,  however,  the  prin- 
cipal growing  and  harvesting  season  is  largely  devoid  of  precipitation, 
and  for  any  annual  crops  other  than  those  planted  in  the  fall  irrigation 
is  necessary. 

Annual  and  monthly  rainfall  at  Modesto,  Cat.,  1889-1904. 
[Furnished  by  the  Grange  (-oinpany.J 


Year. 


1KS9.... 
IHW.... 
IHyi . . . . 
18112.... 
1«9:{.... 
181H.... 

1H<M.... 

1«V<).... 
180'. .... 
189'*.... 
189M.... 
19tM).... 
19(U.... 
1902.... 
190:{.... 
19CV!.... 


I  Jan. 


In 
0.28 
3.76 

.27 

i.es 

1.71 
3.61 
3.80 
5.16 
8.16 

.51 
2.36 
1.31 
1.31 

.73 
2.19 

.52 


Feb. 


In 
0.38 
1.40 

i.m 

1.77 

1.83 

3.40 

1.41 

.07 

2.77 

.69 

.12 

.15 

3.90 

4.46 

.89 

1.84 


Mar. 


In. 
2.22 

.23 
1.03 
2. 21 
3.38 

.09 
1.68 

.78 
1.86 

.31 
3.75 

.88 

.34 

.65 
6.08 
2.46 


Apr. 


In. 

0.22 

1.48 

1.10 

.57 

.M 

.23 

1.07 

2.08 

.14 

4.07 

.04 

1.93 

.84 

.72 

.36 

1.39 


Average 2.01  '  1.73  I  1.75  ,  1.05 


May.  .lune. 


In. 

1  39 
.59 
.00 

1.09 
.21 

1.76 
.35 
.29 
.09 
.67 
.94 

1.47 

1.24 
.34 
.00 
.09 

.  {'A 


In. 
0.00 
.00 
.00 
.04 
.00 
.57 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.04 


July. 

Aug. 

In. 

/n. 

0.00 

0.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.30 

.02 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.13 

.02 

.01  ' 

I       i       '       : 

Sept.    Oct.     Nov.    Deo.   Total. 


/«. 
0.00 
1.29 
.38 
.01 
.10 
.00 
.17 
.25 
.00 
.2.S 
.00 
.14 
.06 
.00 
.00 
2.57 

.32 


In. 

2.49 
.00 
.00 
.89 
.00 

1.73 
.07 

1.32 
.97 
.48 

1.89 
.71 
.66 
.41 
.00 
.95 


In. 

3.54 

.00 

.12 

3.70 

1.04 

.32 

.93 

2.45 

.18 

.33 

2.88 

4.62 

1.58 

1.54 

2.45 

1.01 


In. 

6.76 

2.18 

4.06 

2.20 

1.34 

6.25 

1.02 

1.23 

1.17 

2.22 

1.29 

1.03 

.65 

.59 

.17 

.64 


.79     1.67^2.05         12.10 
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In. 

17.28 

10.93 

9.62 
14.11 
10.16 
17.96 
10.50 
13.95 
10.36 

9.56 
13.27 
12.24 
10.67 

9.44 
12.14 
11.60 
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DIVEKSI0N8  FEOM  TXTOLXTMNE  KIVEK  IN  1904  BT  MODESTO  AHS 

TUBLOGK  CAHALB. 

In  1904,  except  when  closed  for  repairs,  both  Modesto  and  Turlock 
canals  carried  water  from  January  until  late  in  the  fall,  Modesto 
canal  being  closed  for  the  season  September  30,  and  Turlock  canal 
running  until  October  20.  For  the  274  days  from  January  1  to  Sep- 
tember 30,  Modesto  canal  carried  a  mean  flow  of  167  cubic  feet  per 
second;  for  the  275  days  from  January  20  to  October  20  Turlock 
canal  diverted  a  mean  flow  of  305.9  cubic  feet  per  second.  The 
greatest  amount  carried  at  any  time  by  Modesto  canal  was  278  cubic 
feet  per  second,  and  the  greatest  amount  carried  at  any  time  by  Tur- 
lock canal  was  535  cubic  feet  per  second.  The  tables  below  show  the 
amounts  diverted  each  daj'  of  the  season,  and  also  the  mean  flow  for 
each  month  in  each  canal,  the  records  having  been  taken  at  the  irri- 
gation and  drainage  investigations'  gauging  stations  near  the  head 
gates."  In  computing  the  average  monthly  flow  the  full  number  of 
days  in  the  month  was  used. 

IHrerffUms  from  TSxolumy\e  River  by  Modesto  canals  January  1  to  September  30, 1904. 


Day. 

Jan. 

Feb. 

Ca.Jt. 

per  sec. 
152 
152 
152 
152 
192 
194 
194 
194 
191 
191 
191 
200 
54 

6' 

11 
16 
17 
17 
18 

Mar. 

Cu.St. 

per  sec. 

22 

88 

82 

93 

93 

93 

127 

127 

127 

82 

82 

115 

152 

152 

152 

152 

152 

165 

165 

165 

165 

191 

191 

191 

197 

180 

180 

55 

49 

191 

191 

Apr. 

Cu.Jt. 
per  sec. 

24 
162 
160 
150 
181 
170 
165 

70 
160 
181 
191 
194 
181 
191 
181 
165 
181 
160 
101 
120 
202 

65 
115 
218 
223 
218 
212 
191 

i:)0 

130 

May. 

Cu.  ft. 
per  sec. 
150 
165 
229 
223 
223 
223 
231 
234 
130 
170 
140 
170 
2»1 
234 
234 
234 
234 
234 
229 
196 
92 
16 
67 
70 
110 
165 
207 
229 
284 
234 
234 

June. 

Cm.  yr. 

per  sec. 
218 
223 
234 
229 
234 
234 
234 
146 
127 
207 
246 
266 
251 
251 
256 
256 
256 
261 
261 
261 
261 
261 
261 
261 
261 
266 
266 
261 
266 
266 



July. 

Aug. 

Sept. 

1 '. 

i:;::;:::::::::::;::::::::: 

4 

CU.JI' 
per  sec. 
178 
178 
176 
176 
176 
176 
176 
178 
178 
178 
178 
181 
178 
178 
178 
178 
178 
178 
178 
178 
176 
176 
176 
191 
194 
196 
194 
192 
152 
152 
152 

Cu.Jl. 

per  sec. 
266 
261 
266 
266 
273 
278 
278 
266 
266 
266 
261 
266 
261 
256 
256 
281 
261 
266 
266 
261 
261 
251 
89 

'**"i76* 

245 
288 
234 
234 
240 

CU.JI. 

per  sec. 
245 
251 
251 
245 
245 
240 
245 
245 
240 
240 
240 
234 
223 
202 
229 
261 
261 
251 
256 
240 
197 
181 
156 
145 
145 
145 
150 
148 
105 
135 
1*20 

CU.JI. 
per  sec. 
106 
101 
80 
80 

5 

80 

6 

72 

7 

72 

8 

60 

9 

57 

10.-.;. 

»1 

12 

13 

53 
45 
45 
45 

14 

45 

15 

42 

16 

42 

17 

71 

18 

76 

19 

72 

20 

68 

■a1 

60 

22 

53 

23 

60 

24 

121 

25 

186 

26 

131 

27 

131 

28 

131 

29 

140 

80 

75 

81 

Average 

178 

79 

133 

159 

m 

24. 

233 

209 

78 

a  RecordH  from  January  1  to  April  1  furnished  by  Mr.  S.  G.  Bennett,  hydrogiapher,  U.  S.  Oe<^]ogical 
Survey. 
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Diversions  from  Tuolumne  River  by  Turlock  canal,  January  20  to  October  20,  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Cu.ft. 

per  sec. 
511 
503 
519 
611 
619 
527 
527 
627 
535 
402 

July. 

Cu.Jl. 
per  sec. 

'■""iso' 

312 
449 
497 
521 
606 
513 
606 
613 
513 
506 
478 
473 
489 
489 
505 

Aug. 

Sept. 

Oct: 

1 

cii.Jt, 
per  sec. 

Cu.A. 

per  sec. 
Ill 
288 
225 
226 
286 
286 
286 
286 
286 
286 
-286 
252 
816 
332 
2?2 
808 
348 
348 
848 
348 
348 
348 
348 
279 
308 
141 
191 
380 
380 

CU.JI, 
per  sec. 
380 
880 
880 
388 
388 
388 
388 

7i" 

218 

272 

93 

;;;;;;;; 

CU./1. 

per  sec. 
848 
396 
412 
412 
412 
429 
412 
429 
446 
348 
446 
454 
462 
462 
462 
462 
462 
462 
396 
462 
462 
462 
462 
462 
478 
462 
470 
462 
470 
470 

Cu.Jl. 

persef. 
470 
462 

•  470 
478 
478 
486 
478 
294 
420 
462 
486 
496 
495 
603 
619 
519 
619 
619 
519 
619 
611 
519 
503 
511 
511 
511 
511 
511 
527 
619 
511 

Cu.Jl. 

per  sec. 
506 
409 
465 
465 
466 
466 
473 
473 
478 
473 
473 
473 
473 
401 
401 
393 
893 
473 
473 
473 
457 
377 
312 
296 
288 
288 
264 
288 
288 
812 
248 

Cu.Jl. 

per  sec. 

248 

150 

188 

160 

167 

150 

136 

122 

122 

109 

97 

97 

97 

97 

91 

91 

116 

143 

143 

158 

136 

109 

109 

296 

433 

76 

441 

441 

441 

441 

Cu.ft. 
per  sec. 
441 

2 

441 

3 

441 

4      

441 

5 

441 

6     

441 

441 

8 

441 

9 

441 

10 

328 

11 

877 

12       

441 

13 

441 

14     

441 

16 

441 

16        

425 

17 

425 

18        

312 

19 

264 

Jo    :::::: 

205 
205 
83 
83 
83 
83 
123 
288 
218 
238 
288 
225 

1  

183 

21 

22 

28 

24 

15 
23? 
377 
385 
497 
505 
621 
605 

25 

26 

27 

2H 

29 

30   

31 

205 

Average 

169 

289 

116 

441 

491 

169 

377 

404 

186 

402 

Modesto  canal  first  carried  water  late  in  the  fall  of  1903.  Turlock 
canal  commenced  running  a  supply  for  irrigation  in  1901,  during 
which  season  an  average  of  about  200  cubic  feet  per  second  was  run 
in  the  irrigating  months.  As  high  as  400  cubic  feet  per  second  was 
carried  in  1902  and  a  somewhat  larger  amount  was  run  in  1903. 

Records  of  flow  of  Tuolumne  River  at  Lagrange  have  been  kept 
since  1896  by  the  United  States  Geological  Survey,  and  from  these 
records  the  average  monthly  flow  has  been  computed  for  seven  years. 
These  averages,  aiid  the  records  from  which  they  were  computed,  fcre 
given  below:" 

Mean  mmUhlyflow  of  Tuolumne  River  at  Lagrange  for  the  seven  years,  1896  to  1902. 


Month. 


January 

February  .. 

March 

April 

May 

June 

July 

August 

September . 

October 

November  . 
De<*ember.. 


1896. 

1897. 
Cu.Jl. 

1898. 

1899. 

1900. 

Cu.Jl. 

Ott.Jt. 

Cu.Jl. 

Cu.ft. 

per  sec 

per  sec. 

per  sec. 

per  sec. 

per  sec. 

2.344 

1,231 

478 

511 

2,408 

1,196 

5, 172 

924 

764 

1.068 

2.757 

4.032 

1,248 

8,630 

2,451 

3.654 

7.735 

4.065 

6,217 

2,403 

4,461 

11.923 

4.644 

4.537 

6.943 

7,724 

5.673 

2,271 

6,684 

5,386 

3,0a') 

2. 181 

801 

1.046 

826 

617 

287 

109 

224 

112 

464 

86 

44 

76 

49 

162 

222 

76 

536 

1.240 

1,167 

768 

68 

2,453 

2,546 

1,116 

1,104 

280 

3,071 

1342 

1901. 

1902. 

Average. 

Cti.fl. 

Cu.ft. 

Cu.fl. 

per  sec. 

per  sec. 

per  sec. 

3.361 

352 

1,526 

7,214 

1,443 

2,538 

3,730 

2,290 

2,877 

3,968 

6.003 

4,564 

8,043 

6.659 

6,744 

9.394 

6,925 

6.294 

3,708 

1,403 

1,786 

784 

378 

887 

175 

89 

140 

211 

113 

364 

574 

676 

1,178 

1,339 

809 

1,294 

Thew  reor>rrl8  include  the  amountA  diverted  by  Turlock  canal  and  Lagfttilgcfi^S  ^^ 
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The  tiible  shows  that  the  hirgest  flow  of  the  river  occurs  in  April, 
May,  and  June,  the  months  when  the  largest  supply  for  irrigation  is 
needed;  also  that  the  supply  is  very  short  in  August,  September,  and 
October. 

For  the  more  ready  comparison  of  the  diversions  by  Modesto  and 
Turlock  canals  in  1904  with  the  normal  flow  of  the  river  the  summary 
given  below  has  been  prepared.  '  This  summary  shows  that  in  1904, 
except  in  August,  September,  and  October,  the  combined  diversions 
by  the  two  canals  did  not  approach  the  river  flow,  and  that  from  Jan- 
uary 1  to  October  31  they  were  but  15.8  per  cent  of  that  amount. 
The  opportunities  for  storage  are  therefore  large.  In  August  and 
September,  1904,  the  river  was  i-aised  by  somewhat  unusually  early 
mins,and  the  diversions  during  these  months  were  more  than  the  normal 
stream  flow — 181.4  per  cent  of  that  normal  in  August  and  189  per  cent 
of  it  in  SeptemJ^er. 

Compari^n  of  total  dirersiovs  from  Tuolnmne  Hirer  in  1904  %  ModeMo  and  Turlcck 
canals  with  the  average  flow  of  Tuolumne  River  for  seven  years,  1896  to  190£, 


Month. 


January  .. 
February  . 

March 

April 

May 

June 

July 

AucruHt 

September 
October... 
N(»vember 
December. 

Yeiir 


Combined 

Mean  flow 

flowModeKto 

Percentage 
diverted 
by  canals. 

Tuolnmne 

River. 
1896 U)  1902. 

and  Turlock 
canals  Jan. 
1  to  Oct.  20, 

1904. 

Acre-fcft. 

Acr€-feet. 

Acre-feet. 

93,8:31 

14,927 

14.8 

141. U73 

21,201 

15.0 

17G,961 

15,221 

8.6 

271.577 

85,783 

13.2 

411,672 

41,679 

10.1 

874,519 

24.497 

6.5 

109,817 

35,031 

31.9 

20,721 

87,645 

181.7 

8,331 

15,746 

189.0 

22,381 

15,960 

71.3 

70,096 

79.665 

1,784.144 

257,640 

14.4 

It  the  flow  to  October  31  only  is  considered,  15.6  per  cent  is  the 
relation  of  diversions  to  the  discharge  of  the  stream. 

This  summary  shows  that  in  1904,  except  in  August,  September,  and 
October,  the  combined  diversions  by  the  two  canals  did  not  approach 
the  river  flow,  and  that  for  the  year  the  diversions  were  only  14.4 
per  cent  of  the  amount  carried  by  the  river.  In  August  and  Septem- 
ber the  river  was  raised  by  earlj'  rains,  and  the  diversions  during  these 
months  were  more  than  the  normal  stream  flow.  Water  failed  to  spill 
over  Lagrange  dam  only  from  August  12  to  September  24,  and  after 
the  latter  date  there  was  a  large  surplus. 
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THE  WATEE  USED  IN  1904. 

On  October  22,  1887,  in  recommending  canal  routes  to  Modesto 
irrigation  district,  Mr.  0.  ¥j,  Grunsky,  C.  E.,  estimated  that  enough 
water  would  be  necessary  each  year  in  Modesto  district  to  cover  the 
land  in  the  district  to  an  average  depth  of  2  feet  and  8  inches.  In 
reaching  this  conclusion  it  was  estimated  that  the  irrigating  duty  of  1 
cubic  foot  of  water  per  second  would  be  160  acres  from  March  to 
June,  400  acres  from  July  to  September,  640  acres  from  October  to 
December,  and  1,280  acres  in  January  and  February.  While  it  is 
undoubtedly  true  that  eventually  the  covering  of  land  in  Modesto  and 
Turlock  districts  to  a  depth  of  2  feet  and  8  inches  each  year  will  be 
ample  for  the  ordinary  crops  under  average  conditions,  it  is  interest- 
ing to  compare  the  amount  of  water  used  in  1904  with  Mr.  Grunsky's 
original  figures.  To  be  able  to  determine  the  amounts  used  in  1904 
gauging  stations  were  maintained  by  the  irrigation  and  drainage  inves- 
tigations in  both  Modesto  and  Turlock  canals  short  distances  below 
Lagrange  dam;  also  on  each  canal  near  its  entrance  into  the  districts 
20  miles  belo.w,  and  on  lateral  1  of  the  Modesto  canal  and  lateral  3  of 
Turlock  canal. 

The  amounts  of  water  diverted  by  each  canal  have  alread}^  been 
given  in  detail  (pp.  108, 109).  Expressed  in  acre-feet,  by  months, 
these  amounts  are  repeated  in  the  summary  below.  It  will  be  noted 
that  Modesto  canal  diverted  a  little  more  than  one-half  as  much  as 
was  diverted  by  Turlo(*-k  canal. 

TotcU  and  morUhiy  diversions  from  Tuolumne  Rirer  above   Lagrange   by  Modesto  and 
Turlock  canals  from  January  1  to  October  £0j  1904. 


Month. 


January . 
February 
March . . . 
April.... 

May 

June 


Mcxlesto 

Turlock 

canal. 
Acre-feet. 

canal. 

Acre-feei. 

10,917 

4,010 

4,550 

le.a^i 

8,166 

7,055 

9,485 

26.248 

11,460 

80,219 

14,419 

10,078 

Month. 


I 

I  July 

August 

September  . 

October 


Season 


Modesto 
canal. 


Acre-fret. 
14,306 
12,833 
4,659 


90,795 


Turlock 
canal. 


Acre-feet. 
20,725 
24,812 
11,087 
15.960 


166,845 


From  Lagrange  dam  both  canals — Modesto  on  the  north  bank  of 
the  Tuolumne  and  Turlock  on  the  south  bank — pass  through  some  20 
miles  of  more  or  less  rough  foothill  country  before  reaching  the  land 
embraced  in  the  irrigation  districts.  While  the  diversions  from  the 
Tuolumne  at  Lagrange  show  the  gross  service  of  the  water  diverted, 
records  kept  at  Waterford  and  Hickman,  near  the  entrance  of  the 
canals  into  the  districts,  indicate  the  amounts  delivered  to  the  disaricts. 
These  records  are  summarized  on  page  112.  For  January,  •Febru- 
ary, and  March  the  amounts  are  computed  from  the  flow  at  Lagrange. 
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IRRIGATION    AND   DRAINAGE    INVESTIGATIONS,  1904. 


Flow  of  Modefio  and  Turlock  canals  near  Waierford  and  Hickmany  respectively,  during 

season  of  1904. 


Month. 


Modesto  I  Turlock 
I  canal  at  [  canal  at 
jWaterford.i  Hickman 


.Innuary .. 
February . 
March.... 

April 

May 

June 


I 


Month. 


A(r€-feti. 
9,084 
3,777 
6,779 
7,823 
8,7a5 
12.202 


Acre- fed. 

3,200 
13,221 

5,644 
21,800 
25,219 
10,700 


July 

.\UKU8t 

September . 
(.)ctober 


Season  . 


Modesto       Turlock 

canal  at   !   canal  at 

Waterford.'  Hickman. 


Acre-feet.  Atre-feet. 

12,477  15, 480 

11,724  20,142 

4,146  8.347 

13,500 


76,717  1 


136,753 


These  two  summaries,  taken  in  connection  with  the  areas  irrigated, 
show  the  service  of  water  in  Modesto  and  Turlock  districts  in  1904. 
In  Modesto  district  6,895  acres  were  watered  and  in  Turlock  dis- 
trict the  area  supplied  was  20,000  acres.  The  total  diversions  by 
Modesto  canal  amounted  to  90,795  acre-feet,  or  enough  to  cover  the 
area  irrigated  to  a  depth  of  13.18  feet.  The  total  amount  reaching  the 
district  line  near  Waterford  was  76,717  acre-feet,  or  enough  to  cover 
the  6,895  acres  to  a  depth  of  11.13  feet.  The  total  diversions  by  Tur- 
lock canal  amounted  to  166,845  acre-feet,  or  enough  to  cover  the 
20,000  acres  irrigated  to  a  depth  of  8.34  feet.  Of  this,  136,753  acre- 
feet  reached  Hickman,  which  was  enough  to  cover  the  20,000  acres  to 
a  depth  of  6.84  feet.  Expressed  differently,  each  cubic  foot  per  second 
diverted  by  Modesto  canal  served  41.29  acres,  and  each  cubic  foot  per 
second  diverted  by  Turlock  canal  served  65.38  acres,  both  of  these 
areas  being  estimated  from  the  mean  flow  for  each  canal  given  on  page 
110,  the  season  being  computed  as  extending  in  the  Modesto  district 
from  January  1  to  September  30,  and  in  the  Turlock  district  from 
January  20  to  October  20,  inclusive. 

The  above  figures  are  more  valuable  for  stating  the  service  of  water 
in  1904  than  they  are  for  showing  the  amount  of  water  necessary  for 
the  crops  grown.  Wasteful  use  was  more  often  the  imle  than  the 
exception.  Besides,  much  of  the  water  applied  prior  to  April  and 
during  the  last  three  weeks  run  in  each  district  was  put  on  new  checks 
for  the  purpose  of  settling  the  ground  before  seeding.  Also,  portions 
of  the  year,  especially  prior  to  April  15,  some  water  was  allowed  to 
waste  at  the  lower  end  of  some  of  the  laterals.  Much  water  was  also 
lost  by  seepage  through  the  sandy  bottoms  of  the  laterals,  and  there 
were  losses  in  the  main  canals  below  the  point  of  daily  record.  Records 
kept  on  lateral  1  in  Modesto  district  and  lateral  3  in  Turlock  dis- 
trict show  more  nearly  the  amounts  of  water  applied  to  land  in  1904, 
These  amounts  are  expressed  in  acre-feet,  by  months,  in  the  summaiy 
following. 
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Summary  of  amounts  of  imter  nin  in  lateral  1  Modesto  district  and  lateral  S  Turlock 
district  during  season  of  1904. 


Month. 


January . . 
February . 

March 

April 

May 

June 


Modesto  Turlock 
district,  !  district, 
lateral  1.  1  lateral  3. 


Acre-feet. 


721 
737 
729 
567 


Acre-feet. 
1,100  , 
3,300  I 
1,415 
4,046 
4.081 
1.235 


Month. 


July 

August 

September . 
October 


t 


Season . 


Modesto  Turlock 
district,  I  district, 
lateral  1.      lateral  3. 


Acre-feet. 
684 
504 
142 

Acre-feet. 
2,763 
3,020 
654 

1,868 

4.084 


23,482 


Six  hundred  and  twenty -five  acres  were  watered  below  the  gauging 
station  on  lateml  1  Modesto  district,  and  2,625  acres  were  supplied 
below  the  gauging  station  at  lateral  3  Turlock  district.  Up  to  May  1 
approximately  one-third  of  the  amount  run  in  both  laterals  was  spilled 
back  into  the  river  at  their  lower  ends.  Deducting  these  amounts,  a 
total  of  3,598  acre-feet  was  used  or  wasted  on  lateral  1  Modesto  dis- 
trict, and  a  total  of  20,195  acre-feet  was  used  or  wasted  on  lateral  3 
Turlock  district.  In  Modesto  district  this  was  sufficient  to  cover  the 
625  acres  irrigated  to  a  depth  of  5.76  feet,  or,  differently  expressed, 
was  1  cubic  foot  per  second  average  flow  throughout  the  season  of  one 
hundred  and  seventy-four  days  for  each  60  acres  irrigated.  In  Tur- 
lock district  the  amount  run  was  sufficient  to  cover  the  2,625  acres 
irrigated  to  a  depth  of  7.69  feet  and  enough  to  water  70.9  acres  per 
cubic  foot  per  second  average  flow  from  the  time  water  was  turned  in 
until  it  was  turned  out,  two  hundred  and  seventy-five  days. 

There  is  no  doubt  that  too  much  water  is  used  by  a  majority  of  the 
irrigators  in  both  Modesto  and  Turlock  districts.  In  1904  less  was 
used  in  Turlock*  district  than  in  Modesto  district  because  much  of  the 
land  in  Turlock  district  had  been  irrigated  since  1901,"  and  also  because 
Turlock  canal  was  closed  for  repairs  for  twenty -seven  days  in  June 
and  July,  when  the  use  would  naturally  have  been  large.  To  irrigate 
all  of  the  land  in  the  two  districts  under  the  duty  obtained  in  1904 
would  require  a  mean  flow  of  1,900  cubic  feet  per  second  in  Modesto 
canal  and  of  2,700  cubic  feet  per  second  in  Turlock  canal.  There  is 
no  likelihood,  however,  that  such  a  low  duty  will  continue  long,  because 
there  will  be  several  factors  tending  to  increase  it.  The  subsoil  in 
both  districts  is  generally  deep,  and  for  the  first  few  years  of  irriga- 
tion can  absorb  large  quantities  of  water  without  injury.  As  the  level 
of  the  ground  water  is  raised  less  water  will  be  absorbed  by  the  lower 
strata  and  therefore  less  will  be  required  to  supply  the  layer  utilized 
by  crops.  Also,  as  irrigators  become  more  experienced  they  will 
learn  to  get  along  with  less  water,  and  as  the  irrigated  area  in  the 

«Mr.  B.  W.  Child,  superintendent  of  Turlock  canal  from  1901  to  September,  1904, 
reports  that  in  1901,  3,757  acre«  were  irrij?ated  in  Turlock  district;  that  in  round  num- 
bers 7,000  acres  were  watered  in  1902,  and  that  12,000  acres  were  watered  in  1903. 
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districts  becomes  increased  the  district  officers  will  be  compelled  to 
prevent  all  waste. 

In  Modesto  and  Turlock  districts,  however,  as  in  all  newly  irrigated 
sections,  the  danger  of  using  too  much  water  is  a  grave  one,  and  if 
the  excessive  use  is  allowed  to  continue  large  financial  loss  will  be 
inevitable.  If  the  tendency  to  waste,  already  very  marked,  can  be 
checked  before  it  becomes  a  habit,  the  saving  to  the  districts  and  to 
the  irrigators,  both  in  money  and  in  friction,  will  be,  relatively  speak- 
ing, almost  beyond  estimation. 

In  order  to  bear  out  the  records  of  flow  for  the  season  already  given, 
the  amounts  of  water  applied  in  single  irrigations  under  single  laterals 
and  on  separate  farms  were  measured  in  a  number  of  instances. 
These  measurements  showed  excessive  use  or  excessive  waste  in 
nearly  every  case.  Between  May  28  and  June  6  enough  water  was 
loin  in  one  lateral  in  Modesto  district  to  irrigate  611  acres,  principally 
alfalfa,  to  cover  the  land  irrigated  to  a  depth  of  1.8  feet.  What  pro- 
portion of  this  was  lost  in  transit  was  not  determined,  although  it  was 
known  to  be  large.  On  another  lateral  in  Modesto  district  13  farmers, 
with  292  acres,  received  enough  water  between  June  19  and  Jul}^  11 
to  cover  their  land  to  a  depth  of  1.2  feet.  One  farmer  on  lateral  1  in 
Modesto  district  used  21  cubic  feet  per  second  for  twelve  hours  on  10 
acres  of  alfalfa,  which  was  enough  to  cover  the  land  to  a  depth  of  2.1 
feet.  Another  farmer,  one  of  the  best  in  Modesto  district,  covered 
26  acres  of  alfalfa  on  lateral  7  to  an  average  depth  of  0.54  foot  in  one 
irrigation,  while  a  neighbor  on  an  adjoining  lateral  used  18.5  cubic 
feet  per  second  for  eighteen  hours  on  16  acres  of  alfalfa,  which  was 
enough  to  give  an  average  depth  of  1.6  feet.  These  figures,  which 
are  in  no  way  exceptional  for  Modesto  and  Turlock  districts  in  1904, 
show  that  individual  practice  is  by  no  means  guiltless  of  waste.  It  is 
believed  that  the  high  levees  and  imperfect  leveling  are  the  cause  of 
mueh  of  the  excessive  use.  Even  on  light  soil  a  depth  of  6  inches  for 
each  watering  should  suffice  for  alfalfa  in  Modesto  and  Turlock  dis- 
tricts, but  many  checks  are  so  far  from  level  that  a  depth  of  1  foot  of 
water  on  one  portion  of  a  check  often  gives  a  depth  of  only  1  or  2 
inches  in  another  portion  of  the  same  check,  resulting  in  great  uneven- 
ness  in  applying  water  and  much  injurious  waste. 

aUALITY  OF  WATEK. 

The  water  of  Tuolumne  River  is  characterized  by  Prof.  George  E. 
Colby,  of  the  Universit}'  of  California,  as  *' exceptionally  pure."  A 
composite  sample  from  the  river  at  Lagrange  dam,  taken  from  May  1 
to  July  1,  1904,  analyzed  b}'  Professor  Colby,  showed  a  total  of  onl)^ 
2.32  grains  per  gallon  of  solid  matter.  Composite  samples  taken  from 
Modesto  and  Turlock  canals  at  Waterford  and  Hickman,  respectivel3%  22 
miles  below  where  the  river  water  sample  was  taken  at  Lagrange  dam, 
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showed  that  this  "exceptionally  pure"  character  was  not  lost  through 
the  water  passing  down  the  canals.  In  neither  Modesto  nor  Turlock 
canals  were  the  solid  ingredients  increased  suflSciently  to  either  improve 
or  injure  the  water.  In  Modesto  canal  the  total  grains  per  gallon 
increased  to  3.19  and  in  Turlock  canal  to  6.39.  In  the  former  the 
sodium  chlorid  increased  to  0.81  grain  and  the  sodium  carbonate  to 
0.35  grain  per  gallon,  the  other  solid  ingredients  remaining  substanti- 
ally the  same  as  at  the  head  gates.  In  the  latter  the  potassium  sul- 
phate (trace)  and  the  sodium  sulphate  increased  to  2.76  grains,  the 
sodium  carbonate  to  0.61  grain,  and  the  organic  matter  and  chemically 
combined  water  to  1.74  grains.  The  complete  analyses  for  the  three 
samples  are  given  in  the  summary  below: 

Analyses  of  composite  water  samples  from  Tuolumne  River  and  Modesto  and  Turlock  canals, 

[Grains  per  gallon.] 


Tuoliunne 
Ingredient.  ^grange 

dam. 


Potassium  sulphate  (trace) I  q  50 

Sodium  sulphate  (Glauber's  salt),  etc / 

Sodium  chlorid  (common  salt) .12 

Sodium  carbonate  (sal  soda) I  .25 

Calcium  and  magnesium  carbonates,  etc..  small 1] 

Calcium  sulphate  (gypsum),  small \}  .87 

SUica,  chiefly ) 

Organic  matter,  no  "char.,"  and  chem.  combined  water I  .58 


Total :  2.32 

I 


Modesto 

canal  at 

VVaterford. 


0.58 


.81 
.35 


.87 
.58 


3.19 


Turlock 
canal  at 
Hickman. 


2.76 

.12 
.61 

1.16 

1.74 


6.39 


SEEPAGE  LOSSES. 

Of  90,795  acre-feet  of  water  divei*ted  from  Tuolumne  River  in 
1904  by  Modesto  canal,  76,717  acre-feet  reached  Waterford,  near  the 
entrance  of  the  canal  into  the  district.  Of  166,845  acre-feet  diverted 
by  Turlock  canal,  136,753  acre-feet  reached  Hickman.  These  figures 
show  respective  losses,  in  approximately  22  miles  in  each  case,  of  15.5 
and  18  per  cent,  which  were  equivalent  to  a  continuous  flow  through 
the  season  of  26  cubic  feet  per  second  in  Modesto  canal  and  55  cubic 
feet  per  second  in  Turlock  canal.  Considering  the  size  of  Modesto 
and  Turlock  canals  and  the  nature  of  the  country  through  which  they 
pass,  these  losses  are  not  as  large  as  might  have  been  expected.  Below 
Waterford  and  Hickman,  however,  and  especially  in  some  of  the 
laterals,  the  losses  are  known  to  be  excessive.  While  it  was  deemed 
desirable  to  determine  these  losses  by  a  series  of  current  meter  gaug- 
ings,  breaks  in  the  canals  and  other  circumstances  prevented  this 
being  done,  except  on  a  section  of  Modesto  canal  from  Lagrange  dam 
to  the  head  of  lateral  No.  6.  A  series  of  such  measurements  was 
made  on  this  section  in  June,  1904,  by  Mr.  A.  P.  Stover,  of  the  irri- 
gation and  Drainage  Investigations,  and  the  writer,  and  the  measure- 
ments showed  the  approximate  location  of  the  principal  losses. 
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From  Lagrange  dam  to  lateral  No.  6  is  33  miles.  Starting  with  a 
flow  at  the  dam  of  260  cubic  feet  per  second,  the  losses  were  found  to 
be  as  given  below: 

Summary  of  losses  from  main  canal,  Modesto  irrigation  di^rictj  between  Lagrange  dam 
and  the  head  of  lateral  No,  6*,  June,  1904- 


Section  of  canal. 


Lagrange  dam  to  Morton  flume 

Morton  flume  toPailas  bridge 

Dallas  bridge  to  gauging  Ntation  near  Waterford  . 
Gauging  station  near  Waterford  to  lateral  No.  6. . 

Liigrange  dam  to  lateral  No.  6 


Lom. 

Low  per 

mile. 

Cti.Jl. 

per  tec. 
3.9 
1.4 
2.6 
1.3 

Per  cent. 

CM. /I. 
per  tec. 
9. -2 

17.4 
14.0 

15.5 

56.1 

1.7 

21.5 

From  Lagrange  dam  to  lateral  No.  6  the  loss  is  seen  to  have  been 
equivalent  to  a  flow  of  56  cubic  feet  per  second,  or  21.5  per  cent  of 
the  260  cubic  feet  per  second  started  with.  The  greatest  loss  per  mile 
took  place  between  the  dam  and  Morton  flume,  principally  in  sections 
that  are  now  being  repaired.  From  the  dam  to  the  gauging  station 
near  Waterford  the  loss  was  substantially  15.6  per  cent,  which  is 
slightly  more  than  the  loss  indicated  b}'  the  total  flow  of  Modesto 
canal  for  the  season,  given  in  acre-feet  on  page  110. 

CEOPS  OEOWN  IN  MODESTO  AJBTD  TTJELOCE:  filSTEICTS. 

Water  taxes  are  paid  on  250,000  acres  of  land  in  Modesto  and  Tur- 
lock  irrigation  districts,  but  up  to  the  close  of  the  season  of  1904  less 
than  30,000  aci-es  were  irrigated.  The  area  irrigated,  however,  will 
increase  each  year,  the  prospects  being  that  in  1905  it  will  be  at  least 
one-fourth  larger  than  in  1904.  Until  water  was  turned  into  the 
canals — in  1904  in  Modesto  district  and  in  1901  in  Turlock  district — 
the  whole  area  in  the  districts  was  a  grain  Held.  The  purpose  of 
watering,  however,  was  to  make  possible  a  more  diversified  and  more 
profitable  agriculture  than  wheat  growing  on  a  worn-out  soil.  Because 
it  is  not  diflScult  to  raise  under  irrigation,  and  at  the  same  time 
promises  quick  returns,  alfalfa  \Vas  fittingly  chosen  as  the  crop  for 
making  a  beginning  under  the  new  regime  of  irrigation.  It  is  there- 
fore the  principal  irrigated  crop  in  the  districts.  If  sown  there  in 
time  to  get  started  m  April  it  yields  from  one  to  three  cuttings  and 
good  pasture  the  first  season.  There  is  every  reason  why  its  growth 
in  these  districts  should  be  encouraged.  It  surpasses  all  other  Ameri- 
can forage  crops,  .so  that  it  is  invaluable  in  the  raising  of  .beef  and 
dairy  cattle.  As  a  renewer  of  impoverished  soils,  such  as  those  in 
San  Joaquin  Valley,  no  crop  grown  on  an  extensive  scale  has  yet  been 
found  to  surpass  it.  A  yield  of  5  to  6  tons  per  acre  each  year  after 
tb^  first,  gathered  in  three  or  four  cuttings  and  worth  $4  to  |5  per 
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ton  in  the  stack,  is  a  highly  satisfactory  gross  return  for  such  a  crop 
on  land  that  can  be  purchased  and  planted  and  prepared  for  irrigation 
for  $75  per  acre  or  thereabouts.  Granting,  however,  all  that  may  be 
said  in  favor  of  alfalfa  and  the  ready  market  for  it  that  is  offered  by 
the  beef  and  dairy  interests,  it  would  seem  to  be  false  economy  to 
raise  it  to  the  exclusion  of  almost  all  other  field  crops.  It  is  question- 
able if  even  7  tons  of  alfalfa  per  acre  per  year  would  be  the  best 
return  possible  from  much  of  the  land  in  the  districts.  For  soil  that 
will  raise  as  wide  a  range  of  products  as  ciin  be  grown  in  these  dis- 
tricts, some  crops  should  be  found  which,  rotated  with  alfalfa  and 
grain,  would  give  a  more  balanced  and,  in  the  long  run,  more  profita- 
ble production  than  can  be  derived  from  any  single  crop,  even  if  that 
single  crop  is  alfalfa.  Careful  rotation  in  the  South  Platte  Basin  in 
northern  Colorado  has  so  increased  values  that  alfalfa  is  now  raised 
there  more  as  a  means  of  preparing  land  for  more  profitable  crops,  in 
the  meantime  giving  a  fair  return,  than  as  the  ultimate  and  most 
profitable  crop.  Conditions  are  obviously  different  in  San  Joaquin 
Valley  from  conditions  in  the  Rocky  Mountain  irrigated  sections,  yet 
the  people  of  Modesto  and  Turlock  districts  should  not  fail  to  search 
for  the  crop  or  crops  that,  interchanged  with  alfalfa  and  wheat,  will 
give  them  the  largest  possible  yield  from  their  land. 

Although  the  chief  crop,  alfalfa  is  not  the  only  crop  grown  under 
irrigation  in  these  districts.  Others  are  deciduous  fruits  of  various 
kinds,  including  grapes,  mostly  for  wine.  The  conditions  seem  admi- 
rably adapted  for  all  of  these,  and  the  extent  of  their  profitable  pro- 
duction will  depend  on  the  prices  at  which  the  markets  will  be  likely 
to  receive  them.  In  the  lighter  soils  around  Turlock  sweet  potatoes 
are  now  grown  with  considerable  profit,  the  yield  of  1903  averaging 
125  sacks  of  115  pounds  to  the  acre.  These  were  sold  at  the  nearest 
railroad  station  at  from  80  cents  to  $1.40  per  100  pounds,  averaging 
$1. 10  per  hundred,  which  gave  a  good  profit  to  the  growers.  In  1904, 
1,100  acres  were  planted  to  this  crop  in  Turlock  district.  Corn  can  be 
raised  almost  to  maturity  in  the  districts  without  water,  but  requires 
irrigation  in  May  or  June  to  carry  it  through  the  hot  winds  of  those 
months.  Much  of  the  soil  is  suited  to  the  growth  of  sugar  beets,  but 
whether  they  can  be  grown  there  has  not  been  determined  by  trial, 
although  a  considerable  acreage  will  be  planted  to  this  crop  in  1905. 
Egyptiaif  corn,  melons,  beans,  garden  truck,  and  numerous  other  field 
crops  are  being  tried.  Of  the  fruits,  the  Calimyrna  fig  is  considered 
by  many  as  admirably  adapted  to  the  conditions  present,  and  consid- 
erable areas  have  already  been  planted,  particularlv  around  Ceres,  in 
Turlock  district.  Small  fruits,  such  as  loganberries  and  blackberries, 
grow  luxuriantly  and  yield  abundantly,  and  should  be  profitable  when 
properly  raised  and  marketed.  Oranges  and  lemons  grow  and  yield 
wherever  planted  ip  the  districts,  and  in  the  foothill  country  east  of 
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the  districts,  as  around  La  Grange,  reach  a  high  state  of  i^rfection. 
They  are  not,  howev  er,  being  grown  commercially  in  the  districts  to 
an}'  considerable  extent. 

One  of  the  most  surprising  features  of  farm  practice  around 
Modesto  and  Turlock  is  that  no  grain  is  irrigated.  This  becomes  the 
more  surprising  when  yields  of  wheat  on  summer-fallow  land  are 
reduced  to  10  or  12  sacks  per  acre  every  other  year,  and  when  every 
acre  of  dry-farmed  gmin  land  pays  the  same  water  tax  as  every  acre 
of  irrigated  alfalfa  or  vineyard.  Grain  growers  in  all  parts  of  the 
West,  except  portions  of  California,  water  their  crops  with  highly 
satisfactory  results.  If,  as  Modesto  and  Turlock  grain  growers  claim, 
wheat  and  barley  can  not  be  profitably  irrigated  in  their  section  on  a 
large  scale,  there  is  little  doubt  that  much  would  be  gained  by  water- 
ing it  on  such  a  scale  as  farmers  of  80  or  160  acres  of  land  might  do. 
If,  after  several  years  devoted  to  alfalfa,  40  acres  of  irrigated  wheat 
would  yield  at  the  rate  of  50  and  60  bushels  to  the  acre — yields  which 
are  by  no  means  uncommon  where  wheat  is  irrigated  and  carefully 
rotated  with  other  suitjible  crops — the  wisdom  of  irrigating  grain 
would  seem  to  offer  little  ground  for  controversy.  In  the  spring  of 
1904  the -experiment  of  irrigating  grain  was  tried  on  one  of  the  farms 
of  Mr.  C.  N.  Whitmore,  near  Ceres.  Two  acres  of  barley  were  watered 
on  May  3,  after  the  grain  was  headed,  by  flooding  from  small  field 
ditches.  An  average  flow  of  0.75  cubic  foot  per  second  was  used, 
covering  the  land  to  an  average  depth  of  0.27  foot.  The  experiment 
demonstrated  that  the  light  soil  on  which  the  experiment  was  tried 
could  be  readily  irrigated  by  the  method  followed,  although  it  was 
shown  that  a  larger  ''head"  than  was  used  would  give  the  best 
results.  Although  the  experiment  was  tried  late  in  the  season,  the 
yield  and  qualitv  of  the  gmin  were  materialh^  improved. 

METHODS  OF  APPLTINO  WATEE. 

The  check  method  is  followed  almost  exclusively  in  applying  water 
to  land  in  Modesto  and  Turlock  districts.  This  method  was  copied 
from  other  sections  in  San  Joaquin  Valley,  where  it  has  found  much 
favor  with  irrigators.  That  it  is  the  best  method  for  all  the  land  in 
these  districts  has  not,  however,  been  determined,  and,  taking  experi- 
ence of  irrigators  elsewhere  as  a  guide,  it  is  quite  certain  that  some 
other  method  would  be  better  on  some  of  the  land.  In  this  country 
this  method  had  its  origin  among  Mexicans,  who  carried  it  from  their 
own  country  to  San  Joaquin  Valley  and  other  parts  of  California. 
The  main  theory  underlying  it — that  it  permits  of  irrigation  with  a 
minimum  of  labor — is  certainly  a  point  in  its  favor,  yet  this  should 
not  be  allowed  to  dictate  its  adoption.  The  application  of  water  to 
crops  is  more  than  a  matter  of  opening  and  closiilg  head  gates.     The 
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history  of  wheat  growing  in  San  Joaquin  Valley  should  be  sufficient 
illustration  of  the  economic  axiom  that  the  minimum  of  labor  gives 
the  minimum  of  yield.  On  land  with  little  slope  and  light  texture, 
where  water  spreads  with  difficulty,  the  confining  between  levees  of  a 
comparatively  large  stream  of  water  for  a  short  time  is  certainly  good 
practice.  On  land  sloping  as  much  as  1  foot  in  100  feet,  however, 
where  water  will  spread  even  on  light  soil,  the  breaking  up  of  the  soil 
surface  into  levees  at  a  cost  of  $18  to  $30  per  acre  is  a  practice  at  least 
sufficiently  questionable  to  warrant  careful  experimenting  with  other 
methods.  One  or  two  new  settlers  who  have  irrigated  elsewhere  are 
irrigating  alfalfa  by  flooding  from  small  laterals,  as  is  done  almost 
universally  in  the  Rocky  Mountain  States,  and  also  with  success  in 
some  portions  of  California.  On  land  with  sufficient  slope  so  that 
water  will  spread  without  being  confined  in  checks,  and  where  the 
soil  is  not  too  light,  there  seems  no  reason  why  this  method  should 
not  succeed.  It  requires  only  the  evening,  not  leveling,  of  the  ground 
surface  and  the  construction  through  the  field  of  small  laterals  capable 
of  carrying  from  1  to  3  cubic  feet  per  second,  or  from  50  to  150  miner's 
inches,  of  water.  Water  can  be  readily  diverted  from  such  laterals  by 
metal  tappoons  or  canvas  dams,  which  force  the  water  over  the  banks 
of  the  laterals  or  through  temporary  breaks  in  their  sides,  and  guided 
over  the  field  by  an  attendant.  These  laterals,  generally  from  50  to 
100  feet  apart,  according  to  crop  and  other  conditions,  follow  the  tops 
of  the  ridges  or  along  grade  contours,  in  the  former  case  so  that  the 
water  may  be  run  out  on  both  sides  of  the  lateral,  and  in  the  latter 
case  so  that  they  may  be  kept  high  enough  to  reach  the  different  parts 
of  the  fields.  This  method  of  irrigation  requires  much  more  skill  in 
handling  water  than  the  check  method,  yet  where  the  laterals  are 
properly  made  and  the  water  is  carefully  handled  and  no  low  places 
are  left  in  the  field  without  outlets  for  surplus  water,  it  will  permit  of 
a  more  even  application  of  water  than  can  be  given  by  the  check 
method  where  the  checks  vary  more  than  4  or  5  inches  from  level,  as 
do  many  of  the  checks  now  built  in  Modesto  and  Turlock  districts. 
If  checks  are  within  3  or  4  inches  of  level,  and  not  too  large — the 
area  being  no  greater  than  can  be  watered  by  the  available  irrigating 
stream  without  excessive  watering  of  some  portions  before  the  water 
can  be  made  to  spread  to  the  other  portions — it  is  probable  that  water 
can  be  spread  on  them  more  evenly  than  it  can  be  applied  by  flooding 
directly  from  small  laterals. 

But  little  examination  of  many  of  the  check  levees  in  Modesto  and 
Turlock  districts  is  needed  to  show  that  they  are,  as  a  rule,  higher 
than  necessary,  and  also  that  they  very  often  have  slopes  too  steep  to 
permit  of  easy  crossing  with  farming  implements.  Levees  2  to  3  feet 
high  are  not  unconunon  in  these  districts.     Such  excessively  high 
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levees  are  not  only  very  expensive  to  make,  but  they  offer  breeding 
ground  for  noxious  weeds,  produce  little,  if  any,  yield,  and  greatly 
detract  from  the  appearence  of  irrigated  fields.  A  number  of  irrigators 
in  these  districts,  however,  have  made  checks  that  have  proven  highly 
satisfactory,  in  which  water  can  be  applied  to  the  crops  both  quickly 
and  evenly.  Detailed  surveys  were  made  of  some  of  these  in  1904  bj' 
Mr.  A.  P.  Stover,  of  the  irrigation  and  drainage  investigations,  and 
the  writer,  and  descriptions  taken  from  these  surveys,  together  with 
suggestions  regarding  checks  in  general,  prepared  by  Mr.  Stover,  are 
here  given.  In  this  connection  helpful  suggestions  were  made  by 
Prof.  M.  E.  Taylor,  of  Ceres,  and  Mr.  L.  F.  Hastings,  now  superin- 
tendent of  Turlock  district.  It  is  thought  that  the  sketches  and 
descriptions  will  offer  something  of  a  guide  to  those  about  to  begin 
the  construction  of  checks  in  these  districts. 

FBEPABING  LAIfD  FOB  CHECK  nUEtlGATION. 

The  settler  who  is  about  to  prepare  his  land  for  irrigation  with 
checks  has  the  choice  of  two  systems.  He  may  use  the  contour  system 
and  locate  all  levees  on  contour  lines,  thus  dividing  his  field  into 
checks  of  varying  size  and  irregular  shape;  or  he  may  adopt  the 
rectangular  system,  in  which  all  levees  are  located  on  straight  lines 
that  divide  the  tract  into  checks  essentially  rectangular  in  shape. 
Which  of  these  two  systems  is  best  of  course  depends  entirely  upon 
the  particular  case  in  hand,  but  the  advantages  of  the  one  system  as 
compared  with  the  other  may  in  the  main  be  determined  by  two 
factors,  viz,  the  nature  and  uniformity  of  the  slope  of  the  tract  to  be 
checked,  and  the  use  which  will  eventually  be  made  of  the  tract. 

If  the  given  tract  contains  depressions  or  small  swales,  then,  other 
things  being  equal,  contour  checks  should  be  used,  for,  generally 
speaking,  contour  checks  will  be  less  expensive  in  construction  than 
rectangular  checks.  Contour  levees  may  be  so  located  as  to  require  a 
minimum  amount  of  labor  in  their  construction  and  in  the  leveling 
of  the  bottoms  of  the  checks.  In  constructing  rectangular  checks, 
however,  the  partial  disregard  of  contours,  in  order  to  build  the 
levees  on  straight  lines,  results  in  much  more  earth  having  to  be 
moved  in  order  to  properlj'^  form  the  levees  and  bring  the  beds  of 
individual  checks  each  to  its  own  level.  Under  conditions  where  the 
slope  of  the  tract  is  quite  uniform  in  each  direction  and  the  surface  is 
unbroken,  rectangular  checks  would  be  the  ones  to  choose,  for,  although 
under  these  conditions  there  would  be  practically  no  difference  in  the 
cost,  the  advantage  is  with  the  rectangular  system  from  the  fact  that 
rectangular  checks  conform  nicely  to  culture  areas  and  to  property 
and  subdivision  lines,  and  by  so  doing  add  materially  to  the  general 
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appearance  and  attractiveness  of  the  farm  and  to  the  ease  with  which 
it-can  be  cultivated. 

The  use  to  which  a  tract  of  land  is  to  be  put  may,  to  a  certain 
extent,  aflFect  the  style  of  checking  adopted.  Especially  is  this  the 
case  on  land  with  uneven  slopes.  If  on  such  land  it  is  expected 
nothing  but  alfalfa  or  grain  will  be  raised,  it  may  not  pay  to  go  to  the 
extra  expense  of  building  rectangular  checks.     On  the  other  hand,  if 


Fig.  2.— Irrigation  by  contour  check  system. 

cultivated  crops,  such  as  fruit  trees,  vines,  or  furrow  crops  are  to 
eventually  occupy  the  land,  then  the  added  initial  expense  of  pro- 
viding large  rectangular  checks  will  more  than  be  compensated  for  by 
the  ease  with  which  irrigation  and  cultivation  may  be  accomplished. 

As  illustrative  of  the  two  styles  of  checking  two  sketches  are  given, 
based  on  field  surveys.  Figure  2  shows  a  typical  example  of  good 
practice  in  the  use  of  the  contour  system  in  the  irrigation  of  alfalfa. 
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It  represents  part  of  the  farm  of  Mr.  George  W.  Horn,  3  miles  north- 
west of  Modesto.     The  rectangular  check  system  is  illustrated  by 
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Fio.  8.— Irrigation  by  rectangnlar  check  system. 


figure  -3,  which  is  a  sketch  of  an  alfalfa  field  belonging  to  Mr.  Dan 
Baldwin,  3i  miles  east  of  Ceres. 


LAYING  OUT  CHECKS. 

Regardless  of  whether  contour  or  rectangular  checks  are  to  be  used, 
the  nature  and  amount  of  slope  of  a  tract  of  land  are  th^  features 
which  govern  the  location  of  levees  and  size  of  checks.  On  all  land 
suitable  for  checking  which  has  a  slope  of  from  4  to  10  feet  per  mile, 
contours,  or  lines  of  equal  elevation,  must  be  located  with  an  instra- 
ment.  Some  farmers,  with  the  aid  of  cheap  leveling  devices,  have 
tried  laying  out  their  own  check  systems.  A  few  have  been  success- 
ful, but  many,  from  a  lack  of  knowledge  of  the  conditions  which 
should  govern,  have  made  costly  blunders.  Unless  one  is  sure  of  his 
ability  to  succeed  in  such  a  task,  he  will  save  money  by  securing  the 
services  of  a  surveyor.  The  expense  of  this  will  of  course  vary  with 
the  roughness  of  the  land  to  be  checked,  but  a  good  man,  with  his 
instrument  and  one  assistant,  will  outline  checks  on  25  to  35  acres  in  a 
day.  At  this  rate  the  cost  would  be  20  to  30  cents  per  acre.  The 
average  farmer  would  doubtless  have  trouble  in  getting  over  more 
than  6  or  8  acres  in  a  day,  which,  if^he  considers  the  time  of  himself 
and  his  helper,  would  make  the  cost  35  to  50  cents  per  acre.  Not  only, 
then,  would  it  be  more  expensive  for  the  farmer  to  do  the  surveying 
himself,  but  being  unfamiliar  with  this  kind  of  work,  the  chances  are 
he  would  not  make  the  best  choice  of  location  for  levees  and  laterals, 
and  that  he  would  thus  cause  himself  no  end  of  labor  and  trouble  in 
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Plate  ill. 


Fig.  1  .—Constructing  Check  Levee  with  Scraper. 


Fig.  2.— Constructing  Lateral  Ditch  with  Scraper. 
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constructing  and  maintaining  his  system  of  checks.  Cases  have 
occurred  where,  after  having  gone  to  much  trouble  to  lay  out  their 
own  checks,  farmers  have  finally  been  forced  to  employ  a  competent 
surveyor  to  make  a  complete  resurvey.  However,  for  those  who 
undertake  the  work  without  the  help  of  a  surveyor,  the  following  sug- 
gestions may  not  be  out  of  place. 

After  having  determined  the  slope  of  the  land,  the  next  move  is  to 
fix  the  approximate  size  of  the  checks  by  the  diflference  in  elevation 
between  checks.  The  best  results  are  obtained  where  the  vertical  dif- 
ference between  checks  is  from  4  to  10  inches.  By  this  is  meant  that, 
after  the  checks  are  built,  the  difference  in  level  between  the  bottoms 
of  two  adjacent  checks  should  be  from  4  to  10  inches,  depending  on 
the  general  slope  of  the  land.  Observations  in  San  Joaquin  Valley 
suggest  three-fourths  acre  to  li  acres  as  the  best  areas  for  checks. 
With  a  tract  having  a  uniform  slope  the  difference  in  level  between 
the  tiers  of  checks  would  be  a  constant  amount,  and  all  levees  would 
be  approximately  the  same  distance  apart.  The  maximum  difference 
in  level  between  checks  should  not  be  over  1  foot.  If  greater  than 
this,  the  levees  between  checks,  especially  on  light  soils,  are  apt  to  give 
way  under  pressure  of  the  water,  and  when  this  happens  the  heavy 
fall  to  the  next  check  causes  a  bad  washout.  Where  the  slope  of  the 
land  is  so  great  as  to  require  a  larger  difference  than  1  foot  in  order 
that  the  levees  may  not  be  less  than  50  feet  apart,  the  check  system 
should  be  abandoned  and  some  other  method  of  applying  the  water 
adopted. 

When  the  survey  of  a  contour  check  system  is  being  made  usually 
no  stakes  are  set,  but  the  location  line  of  each  levee  is  marked  by  a 
shallow  plow  furrow,  the  course  of  which  is  indicated  by  the  surveyor 
walking  directly  ahead  of  the  plow.  In  laying  out  rectangular  checks, 
the  corners  of  checks  are  indicated  by  stakes,  from  which  the  levees 
are  constructed.  As  a  guide  for  bringing  the  bed  of  each  check  to  a 
level,  a  few  random  stakes  are  set  here  and  there  between  the  levee 
furrows,  all  in  any  particular  check  having  their  tops  on  the  same 
level. 

CONSTRUCTING  LEVEES  AND  LEVELING  CHECKS. 

The  task  of  building  levees  and  leveling  checks  is  work  that  the 
farmer  can  do  himself,  and  by  so  doing  perhaps  secure  better  results, 
by  reason  of  his  interest  in  the  work,  than  if  the  work  is  done  by 
contractors.  Land  which  is  to  be  checked  is  usually  sown  to  grain  or 
summer  fallowed  the  previous  year,  so  that  the  soil  is  in  good  condi- 
tion to  be  handled  with  a  scraper.  Various  implements  are  used  in 
this  work,  but  of  all  perhaps  the  best  results  are  secured  with  Fresno 
and  Stockton  scrapers,  especially  where  there  is  a  long  haul.  (PI.  Ill, 
fig.  1.)  For  short  hauls  and  for  smoothing  and  leveling  checks  the 
ordinary  buck  scraper  does  rapid  work.  ^^^^^^^^  by  GoOglc 
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With  the  levee  furrows  and  the  random  stakes  indicating  the  level 
of  each  check  as  guides,  the  construction  of  the  levees  and  leveling  of 
the  adjacent  checks  can  be  carried  on  at  the  same  time,  the  earth  being 
dragged  from  the  highest  points  of  the  check  to  the  nearest  low  place 
in  the  levee.  The  object  is,  of  course,  to  move  the  most  earth  with 
the  least  haul,  yet  at  the  same  time  to  build  a  levee  of  uniform  cross 
section.  When  the  levee  surrounding  any  check  has  been  built  to  its 
desired  size,  the  check  inclosed,  if  the  scraping  has  been  done  intelli- 
gently, will  be  nearly  level,  so  that  but  little  more  work  with  the 


Fig.  4.— Cross  section  of  levee  with  wide  base. 

scraper  will  be  required  to  true  up  the  surface.  The  more  nearly 
level  the  bottoms  of  all  checks  are  made  the  more  easily  will  the 
water  when  admitted  cover  all  portions.  On  new  soil  which  has 
never  been  saturated  it  is  not  necessary  to  complete  the  leveling 
before  the  iSrst  application  of  water,  for  the  reason  that  all  new  land 
settles  more  or  less  after  first  being  saturated,  and  the  final  leveling 
should  be  left  until  after  this  settling  has  occurred.  The  surface  of 
each  check  should  be  brought  is  near  to  a  uniform  level  as  possible. 
In  one  of  the  square  checks  shown  in  figure  3  twenty-five  or  thirty 
readings  with  the  instrument  taken  at  random  over  the  check  showed 
the  maximum  variation  in  level  to  be  less  than  li  inches.     When  a 
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Fio.  5.— Cross  section  of  excessively  high  levee  with  narrow  base. 

stream  is  turned  into  such  a  check  the  water  soon  spreads  over  the 
entire  area  and  the  irrigation  is  accomplished  with  a  small  amount  of 
water.  With  level  checks  only  a  small  depth  of  water  is  brought  to 
bear  on  the  levees,  and  the  danger  of  breaks  and  washouts  is  materially 
reduced. 

The  difference  in  elevation  between  adjacent  checks  will  determine 
the  height  of  the  levees.  The  crest  of  the  levee  separating  two  checks 
should  stand  8  or  10  inches  above  the  level  of  the  higher  check.  Its 
top  width  should  be  not  less  than  2  feet,  and  its  bottom  width — say 
for  a  1-foot  levee — should  be  at  least  15  feet.  Such  a  levee  (fig.  4) 
has  easy-sloping  sides  and  rounded  top,  over  which  all  farming  imple- 
ments may  easily  pass  in  any  direction  and  on  which  crops  will  grow 
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without  difficulty.  In  both  of  the  districts  levees  have  been  given  a 
narrow  base  and  steep-sloping  sides  (fig.  5).  If  this  has  been  done  to 
avoid  encroaching  upon  the  area  of  the  check,  an  unwise  move  has 
been  made.  Where  levees  are  steep  sloped  with  narrow  base,  no 
implement  can  be  taken  over  them  without  danger  of  damaging  the 
levees  as  well  as  the  implement,  and  no  crop  will  grow  on  such  a  levee. 
The  chances  of  the  levees  breaking  under  water  pressure  are  increased 
by  their  diminished  oross  section.  Levees  built  broad  and  low  form 
no  obstruction  in  the  field;  they  are  more  lasting,  and  owing  to  their 
flat  slope  the  crop  grown,  if  it  be  like  alfalfa,  will  entirely  cover  the 
levees,  aind  the  whole  area  of  the  field  is  made  productive. 

DISTRIBUTING  LATERALS. 

The  location  of  laterals  will  be  governed  by  the  character  of  the 
slope  of  the  ground.  On  light  soils  a  grade  of  2  or  3  feet  per  mile 
should  be  the  maximum.  In  general,  the  best  results  will  be  obtained 
if  each  check  is  supplied  directly  from  a  lateral.  Such  an  arrange- 
ment is  shown  in  figure  2  (p.  121),  each  check  being  flooded  directly 
from  the  lateral  that  forms  a  portion  of  its  boundary.     In  practically 


Fio.  6.— CroflB  Rectlon  of  well-made  lateral. 

all  cases  such  an  arrangement  of  laterals  is  possible,  and  where  the 
expense  of  constructing  the  extra  channels  required  is  not  prohibitive 
this  plan  should  be  adopted.  In  cases  where  it  is  necessary  to  supply 
one  check  through  another,  a  broad  shallow  depression  across  the 
check  through  which  the  water  is  to  be  carried  will  confine  the  flow  of 
the  stream  and  lead  it  to  the  check  to  be  watered  without  its  spread- 
ing over  the  bottom  of  the  higher  check.  If  this  depression  be  made 
10  or  12  feet  wide  and  4  to  8  inches  deep  and  given  just  enough  slope 
to  drain  nicely  toward  the  lower  check  gate,  the  crop  will  cover  the 
sides  and  bottom  of  the  channel,  and  all  implements  will  cross  it  with- 
out inconvenience. 

In  the  construction  of  laterals  the  scraper  is  worked  at  right  angles 
to  the  line  of  the  lateral,  as  shown  in  Plate  III,  figure  2.  The  earth 
to  form  the  banks  is  taken  from  the  bottom  of  the  channel  and  from 
the  high  parts  of  adjacent  checks.  In  figure  6  a  good  section  for  an 
ordinary-sized  lateral  is  shown. 
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SETTING  CHECK  BOXES. 

Various  forms  of  check  boxes  are  used,  the  size  depending  on  the 
amount  of  water  to  be  controlled.  Serviceable  boxes  can  be  made  of 
1-inch  or  l^-inch  lumber,  with  2  by  4  framing  timbers.  If  made  of  red- 
wood, such  boxes  should  last  ten  to  twelve  years.  Whatever  the  style 
of  box  used,  it  should  be  .so  constructed  and  puddled,  when  set  in  the 
banks  of  the  lateral,  as  to  withstand  the  greatest  pressure  of  water 
that  will  be  brought  to  bear  upon  it.  Flashboards  should  be  made 
of  2-inch  lumber,  preferably  6  inches  wide.  With  this  thickness  of 
lumber  the  boards  will  not  warp  out  of  shape  when  left  in  the  sun. 
In  setting  boxes  the  floor  should  be  placed  10  or  12  inches  below  the 
level  of  the  check  to  lessen  the  liability  of  the  water  washing  under 
the  boxes  as  it  leaves  the  lateral.  For  average  land  good  check  boxes 
can  be  provided  for  from  f4  to  $5  per  acre. 

COST  OF  CHECKING. 

No  exact  estimate  can  be  given  of  the  expense  of  checking,  as  the 
price  will  vary  widely  with  the  character  of  the  land.  For  contour 
checks,  the  cost  of  building  levees,  leveling  the  checks,  and  construct- 
ing laterals  will  average  about  $7  or  $8  per  acre  on  ordinary  land, 
including  surveying  at  20  to  30  cents  per  acre.  Check  boxes  tit  $4 
to  $5  per  acre  would  bring  the  total  expense  up  to  $12  or  $16  per  acre. 
In  building  rectangular  checks  on  uniformly  sloping  land  one  man 
with  four  horses  and  a  scraper  can  check  and  level  at  the  rate  of  1  acre 
in  two  to  two  and  one-half  days.  In  exceptional  cases  one  man,  if  the 
land  be  quite  smooth,  can  do  this  work  at  the  rate  of  an  acre  a  day. 
This  would  not  include  the  construction  of  laterals. 

OBOUNB-WATEB  SEC0BD8. 

Experience  in  other  irrigated  sections  justifies  the  presumption  that 
sooner  or  later  the  level  of  the  ground  water  underlying  the  surface 
of  the  soil  in  Modesto  and  Turlock  districts  will  rise  in  places  to  the 
point  of  injury  to  crops.  When  this  takes  place  the  saturated  land 
will  have  to  be  either  drained  or  abandoned.  Some  data  were  collected 
in  1904  to  ascertain  the  ground-water  conditions  in  these  districts, 
with  a  view  to  indicating  the  direction  in  which  the  people  of  these 
districts  will  need  to  take  steps  to  forestall  injury.  Besides  obtaining 
miscellaneous  figures  as  to  the  rise  of  the  ground  water  in  both  dis- 
tricts since  irrigation  began,  systematic  records  were  obtained  weekly 
during  the  season  from  15  wells  in  Modesto  district.  These  wells 
were  scattered  in  a  linear  distance  of  30  miles,  extending  from  Modesto 
east  along  the  Waterford  road  to  Waterford;  from  Modesto  north 
along  the  McHenry  road  to  the  farm  of  Mrs.  I.  T.  Bangs;  from  the 
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Southern  Pacific  main  track,  near  Salida,  west  along  the  McNeal  road 
to  the  farm  of  Mr.  A.  Shearer;  and  from  Modesto  west  along  the  Maze 
road  to  the  farm  of  Mr.  C.  D.  Butler.  The  first  measurements  were 
made  in  April  and  May,  and  the  last  ones  in  October,  except  that  some 
of  the  voluntary  observers  failed  to  send  any  reports  for  the  last  part 
of  the  season.  The  table  Below  shows  the  results  of  these  measure- 
ments by  months,  the  names  of  the  observers,  and  the  location  of  the 
wells.  The  figures  for  each  month  represent  the  maximum  rise  dur- 
ing the  month,  but  do  -not  show  the  fluctuations  from  week  to  week. 

Table  showing  rise  of  ffround  water  in  1904,  in  sedions  of  the  Modesto  irrigation  district^ 
as  indicated  by  reports  from  16  wells. 


liocation. 

Depths  to  water,  by  months,  in  feet. 

Maxi- 
mum 
change 
during 
season. 

Net 
change 
for  sea- 
son in 

feet 
rlse(-}-) 

and 
faU(-). 

Name  of  observer. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

C.J.  Parry  (Spank- 
er farm). 
T.  K,  Beard 

Waterfordroad 

do 

do 

do 

Waterford 

McHenryroad. 

do 

do 

McNeal  road.. 
do 

40.80 

44.85 
62.00 

76.00 
78.26 
29.25 
82.10 
31.00 
19.75 
16.00 
15.70 
12.75 

29.60 

40.25 

44.60 
61.00 

75.75 
78.00 
28.25 
31.60 
30.66 
18.85 
15.00 
16.56 
12.90 

28.66 
22.65 
13.75 

89.85 

44.25 
61.00 

75.60 
77.40 
27.15 
31.15 
29.15 
18.  §6 
15.00 
15.70 
12.00 

27.85 
22.00 
18.60 

39.35 

43.85 
65.00 

75.86 
77.40 
26.10 
31.66 

'i7"96' 
15.00 
15.60 
11.60 

26.15 
21.60 

38.75 

48.50 
65.50 

38.60 

38.70 

2.30 

1.36 
4.50 

.75 
.85 
4.75 
1.46 
1.85 
1.90 
.00 
1.70 
1.80 

8.45 
1.05 

1.80 

+2.10 
+1.35 

J.  A.  Turpen  (Da- 
vison road). 
E.  M.  Welch 

-3.60 

-  .35 

U.G.  Bradley.... 

J.  C.Geer 

J.  H.  Boren 

Mrs.  I. T.  Bangs.. 
J.T.Giflh 

77.40 
24.50 

15.00 
15.26 

+  .86 

26.65 
30.65 

26.90 

+2.35 
+1.45 
+1.85 
+1.90 

B. C.  Campbell... 

.00 

CM.  Beckwith.. 

L.W.  Shearer  (A. 

Shearer  farm). 

CM.  Maze 

do 

do 

14.00 

+1.70 
+1.16 

+3.45 

Maze  road 

do 

do 

W.  E.  Qarriaon... 
C.  D.  Butler 

'ii'66' 

22.00 
11.95 

'i2.'75' 

+  .66 
+1.00 

The  last  column  i^i  the  table  shows  that  there  was  a  net  rise  for  the 
season  in  all  but  3  wells,  and  that  the  greatest  net  rise  in  any  of 
the  15  wells  was  3.45  feet,  on  the  farm  of  Mr.  C.  M.  Maze,  1  mile 
west  of  Modesto.  This  well  is  within  one-fourth  mile  of  a  main  lateral 
and  near  land  that  was  irrigated.  The  well  on  the  Davison  farm, 
reported  by  Mr.  J.  A.  Turpen,  is  within  a  few  hundred  feet  of  Tuolumne 
River  and  shows  no  results  of  value.  The  wells  reported  by  Mr.  U.  G. 
Bradley  and  Mr.  E.  M.  Welch  are  outside  of  the  irrigation  district, 
but  within  one-half  mile  of  Modesto  canal.  The  casing  in  the  well 
reported  by  Mr.  B.  C.  Campbell  is  of  new  galvanized  material,  with 
soldered  joints  which  cut  off  connection  with  surface  water,  and  no 
change  was  shown  throughout  the  season.  Five  of  the  wells  showed 
a  net  rise  for  the  season  less  than  the  maximum  change,  indicating 
that  the  level  of  the  ground  water  began  to  recede  toward  the  end  of 
the  season  when  the  amount  of  water  carried  in  the  canals  and  applied 
to  the  land  decreased.     In  no  case  was  the  rise  very  marked. 
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Mr.  IX  P.  Howell,  formerly  a  well  borer  of  considerable  experience 
in  Modesto  and  Turlock  districts,  states  that  up  to  the  fall  of  1903, 
and  since  water  was  turned  into  Turlock  canal  in  1901,  there  has  been 
a  rise  in  the  ground-water  level  in  parts  of  Turlock  district  of  16  to  18 
feet.  Shortly  after  making  the  observations  on  which  this  statement 
was  based,  water  was  out  of  Turlock  canjfl  for  two  months,  and  dur- 
ing this  time  the  boring  of  5  wells  showed  that  the  water  level 
returned  to  nearly  its  original  level.  Mr.  P.  W.  Christensen,  engi- 
neer on  the  Bald  Eagle  ranch,  5  miles  north  of  Modesto,  reports  that 
when  water  was  first  turned  into  Modesto  canal  in  1903  the  water  in 
a  well  on  this  ranch  rose  1.5  feet  in  three  weeks,  and  that  the  rise  in 
the  nine  months  prior  to  October,  1904,  was  7  feet.  The  main  canal 
of  Modesto  district  is  one-half  mile  from  this  well  and  the  well  is  in 
the  center  of  an  irrig3,ted  tract  on  which  a  large  amount  of  water  was 
used  in  1904.  The  most  dangerous  rise  of  ground  water  so  far  has 
been  in  sections  of  Turlock  district,  where  water  has  been  used  since 
1902.  According  to  the  reports  of  a  number  of  old  settlers,  the  water 
levels  in  the  wells  around  Turlock  originally  stood  20  feet  below  the 
surface.  Measurements  made  in  1904  showed  it  to  be  within  7  to  9 
feet  of  the  surface.  Water  has  been  running  in  lateral  No.  4  of  Tur- 
lock canal,  one-half  mile  north  of  Turlock,  for  three  seasons,  and 
from  200  to  600  acres  have  been  irrigated.  Nearer  this  lateral  water 
was  found  within  3  to  5  feet  of  the  surface  in  October,  1904,  and  it 
has  also  been  found  within  a  few  feet  of  the  surface  in  other  parts  of 
the  district. 

While  the  data  given  above  are  incomplete  they  are  sufficient  to 
show  that  the  problem  of  ground  water  is  one  that  already  demands 
the  attention  of  the  people  of  these  districts.  The  soil  is  generally  of 
a  sandy  nature,  allowing  water  to  percollate  raptdly  from  canals  and 
laterals,  and  encouraging  the  use  of  excessive  amounts  of  water  in 
irrigation.  The  surface  soil  is  as  a  rule  underlaid  with  a  hardpan 
layer,  varying  in  hardness  and  thickness,  sometimes  appearing  on  the 
surface  and  sometimes  found  5  or  10  feet  and  even  more  below.  The 
uneven  plane  of  this  hardpan  layer,  as  well  as  its  uneven  texture, 
some  being  fairlj^  impervious  and  some  rapidly  softening  when  wet, 
will  cause  the  rise  of  the  water  plane  to  be  more  pronounced  in  some 
spots  than  in  others,  as  it  will  also  cause  the  immediate  effects  of 
excessive  irrigation  to  vary  with  locality.  The  danger  will  of  course 
first  appear  in  the  lower  sections  of  the  districts  where  water  is  nat- 
urally not  far  below  the  surface.  In  the  higher  sections  it  will  be 
first  evident  along  canal  and  lateral  banks  and  in  the  depressions. 

It  is  without  doubt  one  of  the  legitimate  functions  of  the  district 
organizations  to  watch  the  rise  of  the  ground  water,  and  it  is  believed 
that  it  will  make  no  mistake  in  taking  steps  to  do  so.  If  every  farmer 
would  watch  the  water  level  in  his  own  well  and  report  to  the  district 
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authorities,  the  labor  and  cost  of  this  would  be  greatly  reduced.  Pre- 
ventive measures  prior  to  injury,  such  as  the  lessening  of  leakage  from 
canals  and  the  lessening  of  waste  in  irrigation  and  drainage  after 
injury,  will  be  fields  of  effort  in  which  the  districts  will  be  compelled 
in  self-defense  to  exercise  such  prerogatives  in  these  regards  as  the 
irrigation  district  law  gives  them.  The  prevention  of  leakage  and 
waste  is  unquestionably  both  a  right  and  a  duty  of  the  districts,  and 
the  getting  of  results  in  drainage  would  be  greatly  simplified  if  the 
irrigation  district  law  were  amended  to  permit  joint  action  in  drainage 
without  any  additional  organization,  such  as  the  drainage  law  of  the 
State  requires.  Some  kind  of  effective  cooperation  in  drainage  will 
eventually  be  necessary  in  these  districts,  and  it  would  seem  to  be  an 
unnecessary  complication  to  organize  drainage  districts  for  that  pur- 
pose, which  is  the  method  provided  by  law,  when  the  irrigation  dis- 
tricts already  provide  the  necessary  organizations. 

THE  DISTBIBTTTION  OF  WATSB. 

Modesto  and  Turlock  districts  have  before  them  no  small  task  in 
devising  systems  of  water  distribution  that  will  result  in  the  eco- 
nomical and  just  division  of  water  among  their  many  irrigators. 
Especially  is  this  true  because  such  systems,  if  effective,  will  require 
the  active  and  business-like  cooperation  of  several  hundred — eventually 
several  thousand — individual  farmers,  mostly  untrained  in  the  ordi- 
nary methods  of  business  and  unused  to  working  together  for  a 
common  purpose.  These  men  have  not  only  to  learn  by  experience 
and  careful  study  what  distributive  systems  are  best  suited  to  their 
needs  and  conditions,  but  perhaps  more  difficult,  they  have  to  learn  to 
stand  by  each  other  and  their  officers  in  carrying  into  effect  the  sys- 
tems they  choose.  Each  individual  irrigator  is  conscious  of  his  right 
to  help  manage  the  affairs  of  the  district,  but  is  not  always  careful  to 
be  sure  of  his  facts  before  complaining,  or,  in  the  face  of  complaints 
from  others,  to  stand  by  the  oflBcers  he  helps  to  elect.  Very  naturally 
the  result  is  not  always  happy.  In  fact,  it  clearly  indicates  that  if  the 
relations  between  the  irrigators  and  the  distributing  officials  are  to  be 
congenial  and  the  highest  possible  duty  is  to  be  obtained  for  the  water 
of  the  districts  improvements  in  distribution  will  have  to  be  made.  It 
is  a  settled  rule  in  business  that  no  enterprise  of  magnitude  can  suc- 
ceed without  system.  There  seems  no  reason  why  Modesto  and  Tur- 
lock districts,  with  $2,500,000  invested  in  canals  that  cover  a  quarter 
of  a  million  acres  of  fertile  land,  are  exceptions  to  this  rule.  So  far, 
however,  Turlock  district  has  not  even  equipped  a  district  oflSce  nor 
furnished  the  superintendent  with  the  conveniences  necessary  for  the 
conduct  of  his  work,  and  this  despite  the  fact  that  water  has  been  in 
Turlock  canal  for  four  seasons.    It  is  believed  that  the  irrigation  and 
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drainage  investigations  can  do  Modesto  and  Turlock  districts  no 
greater  single  service  than  to  urge  upon  them  the  necessity  for  giving 
greater  attention  than  they  have  in  the  past  to  the  details  of  water 
distribution.  While  it  is  true  that  water  in  some  amount  can  be 
delivered  to  some  of  the  fanners  without  any  system  and  that  in  some 
way  or  other  crops  can  be  raised  and  settlement  increased,  there  is  no 
plainer  fact  in  connection  with  these  distiicts  than  that,  without  care- 
ful regard  to  what  becomes  of  the  water  diverted  by  the  canals  and  to 
the  methods  by  which  it  is  divided  and  applied  to  the  land,  these  dis- 
tricts will  fall  far  short  of  tlieir  opportunity  to  make  this  section  one 
of  the  most  attractive  places  in  California  for  the  farmer  of  small 
means.  So  far  the  cost  of  water  in  these  districts  has  been  much  less 
than  in  most  irrigated  sections,  and  eventually,  as  the  bonds  are  paid 
off,  the  cost  will  decrease.  With  the  careful  use  of  water  and  sensible 
cropping  and  methods  of  culture,  a  wide  range  of  products  can  be 
grown.  Markets  for  the  purchase  of  supplies  are  close  at  hand,  and 
facilities  are  ample  for  the  transportation  of  the  products  of  the  irri- 
gated farms.  There  is  no  more  stable  branch  of  agriculture  in  the 
West  than  the  raising  of  beef  and  dairy  cattle,  and  tiiere  is  no  exten- 
sive area  in  California  better  suited  to  it  than  these  districts.  The 
climate  is  healthful,  even  if  slightly  oppressive  in  some  of  the  summer 
months,  and  good  land  is  plentiful  and  can  be  purchased  at  reasonable 
figures.  There  is  opportunity  for  every  farmer  to  raise  the  principal 
staples  and  some  of  the  luxuries  of  his  home  food  supply,  and  there 
are  sufficient  near-by  markets  to  absorb  the  surplus  of  the  poultry 
yards  and  vegetable  gardens.  With  the  opportunities  of  building  up 
thriving  rural  communities  which  these  natural  advantges  offer,  the 
districts  would  surely  fall  far  short  of  their  duty  if  they  hindered 
future  progress  by  failing  to  provide  the  machinery  for  economical 
water  distribution,  a  needed  assurance  to  intending  settlers  that  they 
will  be  protected  in  their  right  to  an  ample  water  supply. 

It  is  believed  that  the  first  essentials  of  distributing  systems  for 
these  districts  are  records  of  the  amount  of  water  being  diverted  and 
used,  and  of  the  time  and  amount  of  water  delivery  to  irrigators. 
These  records  can  be  kept  under  the  direction  of  the  superintendents 
by  the  caretakers  and  ditch  riders  along  the  canals  and  laterals,  and 
with  slight  expense  to  the  districts,  except  that  to  make  them  of  value 
they  will  have  to  be  gathered  on  forms  furnished  by  the  districts,  in 
strict  compliance  with  instructions  from  the  superintendents,  and  later 
systematically  filed  in  the  district  offices.  The  records  showing  the 
amounts  of  diversions  from  the  Tuolumne  will  aid  in  establishing  a 
definite  water  right  for  the  districts,  and  when  compared  with  the  area 
irrigated  and  the  area  to  be  irrigated,  will  give  an  index  of  how  much 
diversions  will  have  to  increase  or  how  much  use  will  have  to  decrease 
before  all  of  the  land  in  the  districts  can  receive  water.    Records  of 
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the  daily  diversions  from  the  main  canals  by  the  laterals  will  tell  if  the 
different  sections  are  receiving  the  proportions  of  the  supply  due  them, 
and  will  be  a  definite  guide  to  the  superintendents  and  ditch  riders  in 
dividing  water  among  the  irrigators.  Records  of  the  time  water  is 
delivered  to  each  irrigator  and  of  the  amount  of  land  watered  by  each 
farmer  at  each  irrigation  will  furnish  evidence  to  the  superintendents 
that  ditch  riders  are  or  are  not  doing  their  duty,  and  will  be  an  ofScial 
basis  for  settling  disputes  with  irrigators  as  to  whether  they  have 
received  their  just  share  of  the  supply.  If  compiled  and  published, 
these  records  will  be  a  guide  to  new  settlers  in  the  districts  as  to  the 
amounts  of  water  it  is  customary  to  apply  to  the  various  crops  raised 
in  the  dii^icts.  They  will  also  awaken  an  interest  among  the  farmers 
in  the  affairs  of  the  districts  which  almost  no  other  agency  would  arouse. 
A  beginning  was  made  in  gathering  these  records  in  1904  by  the  irri- 
gation and  drainage  investigations,  and  the  favor  with  which  they  were 
received  by  the  irrigators  and  the  deductions  possible  from  them  are 
adequate  proof  that  the  districts  will  make  no  mistake  in  continuing 
them.  These  records  show  for  1904  the  daily  diversions  for  both 
Modesto  and  Turlock  canals  at  Lagrange  dam,  the  amounts  entering 
both  districts  each  day  22  miles  below  the  dam,  and  the  amounts  used 
on  lateral  1  in  Modesto  district  and  on  lateral  3  in  Turlock  district.^ 

The  keeping  of  records  is  not,  however,  all  there  is  to  a  distributing 
system.  There  must  first  be  a  basis  that  determines  how  much  water 
each  irrigator  shall  receive.  The  law  under  which  the  districts 
operate  provides,  in  section  18,  **  that  all  waters  distributed  for  irri- 
gation purposes  shall  be  apportioned  ratably  to  each  landowner  upon 
the  basis  of  the  ratio  which  the  last  assessment  of  such  owner  for 
district  purposes  within  said  district  bears  to  the  whole  sum  assessed 
upon  the  district."  Without  accurate  measuring  facilities  at  the  head 
of  each  farm  lateral,  which  can  not  be  found  at  present  in  either  dis- 
trict, the  letter  of  this  law  can  not  be  followed,  and  the  result  is  that 
in  practice  no  attention  is  given  to  it.  Instead,  water  is  distributed  in 
proportion  to  the  area  being  irrigated,  which,  so  far  as  the  irrigators 
on  any  one  lateral  are  concerned,  and  barring  tine  points  of  exact  jus- 
tice, is  certainly  the  more  sensible  and  more  feasible  plan.     It  would 

<<  Since  the  above  was  written,  Modesto  irrigation  district  has  adopted  forms  for  the 
keeping  of  records  of  water  delivery  and  use  in  accordance  with  suggestions  by  the 
irrigation  and  drainage  investigations  and  the  superintendent  of  the  district.  These 
forms  are  for  keeping  daily  record^  (1)  of  the  amount  of  water  diverted  by  Modesto 
canal  at  Lagrange  dam,  (2)  of  the  amount  reaching  the  district  line  near  Waterford, 
(3)  of  the  amount  diverted  from  the  main  canal  by  each  lateral,  (4)  of  the  time  water 
is  delivered  to  each  irrigator,  and  (5)  of  the  work  performed  by  each  ditch  tender. 
Each  ditch  tender  is  provided  with  a  book  for  keeping  the  records  and  with  cards  and 
blanks  for  forwarding  weekly  reports  to  the  superintendent,  and  the  latter  are  to  be 
filed  in  the  Modesto  irrigation  district  office  in  Modesto.  These  several  forms  are 
shown  at  the  end  of  this  report.     (See  pp.  137-139. ) 
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be  quite  difficult  at  present  even  to  prepare  a  schedule  of  delivery 
that  would  follow  the  letter  of  the  law  and  give  water  to  each  land- 
holder in  proportion  to  the  taxes  paid  by  each,  especially  considering 
that  no  water  whatever  is  now  needed  or  desired  for  a  large  part  of 
the  land  within  the  districts.  A  temporary  disregard  of  that  part  of 
the  law  providing  for  this  basis  will  work  no  hardship,  nor  will  it  be 
likely  to  cause  any  difficulty,  because  in  a  new  section,  where  the 
water  supply  is  not  severely  taxed,  all  expect  to  give  and  take  for  the 
common  good.  It  should  not  be  forgotten,  however,  that  practice 
eventually  becomes  settled  policy,  which  it  is  always  difficult  to  change. 
If  it  appears  clear  that  water  can  not  be  distributed  in  irrigation  dis- 
tricts in  proportion  to  assessments  paid  (and  experience  •  Modesto 
and  Turlock  districts  should  in  large  part  be  conclusive  as  to  this),  an 
effort  certainly  should  be  made  to  have  the  law  ^hanged  to  provide  a 
basis  of  divisiort  that  can  be  followed.  No  matter  how  impracticable 
of  application  a  law  may  be,  when  water  becomes  more  difficult  to  get, 
and  hence  more  valuable,  some  one  will  be  certain  to  demand  the 
strict  enforcement  of  the  law,  regardless  of  what  may  be  the  conse- 
quences to  others.  Such  has  been  the  lesson  of  irrigation  throughout 
the  West.  Modesto  and  Turlock  districts  will  take  no  unnecessary 
precaution  if  they  forestall  any  such  result  by  seeing  to  it  that  the  law 
and  the  fact  coincide. 

The  question  of  whether  water  should  be  distributed  on  a  time  basis, 
or  whether  each  irrigator  should  receive  a  small  flow  continuously,  is 
being  met  in  a  practical  way  in  Modesto  and  Turlock  districts.  As  a 
rule,  each  irrigator  is  allowed  a  ''  head"  of  water  for  a  length  of  time 
in  proportion  to  the  number  of  acres  he  is  watering.  In  Modesto  dis- 
trict the  head  is  considered  to  be  9  cubic  feet  of  water  per  second,  and 
the  rules  provide  that  no  irrigator  shall  be  allowed  such  a  stream  for 
more  than  one  hour  for  each  acre.  In  Turlock  district  the  head  is 
made  6  cubic  feet  of  water  per  second,  which  is  allowed  for  one  hour 
per  acre,  except  in  time  of  low  water,  when  the  rules  provide  that 
proportionately  less  shall  be  given.  If,  instead  of  the  usual  head  for 
a  limited  time,  irrigators  raising  garden  truck  or  other  crops  requir- 
ing frequent  watering  desire  a  small  stream  running  continuously,  an 
effort  is  always  made  to  supply  it. 

As  a  matter  of  fact,  while  the  ''heads"  mentioned  above  are  pro- 
vided for  in  the  rules  of  the  district,  in  practice  irrigators  are  given 
what  their  laterals  will  carry,  or  what  the  ditch  tenders  can  deliver  to 
them.  This  amount  varies  widely  above  and  below  the  limits  set  in 
the  rules.  Nothing  else  can  be  done,  because  there  are  no  measuring 
devices  at  the  heads  of  these  laterals,  and  the  ditch  tenders  can  not 
measure  water  without  them.  Within  a  very  few  years  it  will  be 
necessary  for  the  districts  to  insist  on  having  such  measuring  devices. 
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This  will  be  demanded  not  only  by  the  interests  of  the  individual  irri- 
gators, but  also  by  the  interests  of  the  whole  number  of  irrigators 
represented  by  the  districts.  If  experience  of  irrigators  elsewhere 
is  any  guide  to  what  will  best  preserve  harmony  in  Modesto  and 
Turlock  districts,  each  district  should  demand  as  nearly  uniform 
measuring  devices  as  it  will  be  pi-acticable  to  install.  This  the  districts 
unquestionably  have  authority  under  the  law  to  do.  Not  only  should 
these  measuring  devices  be  uniform,  but  they  should  measure  with 
approximate  accuracy.  It  is  believed  that  it  is  practicable  to  install 
such  devices  in  most  of  the  farm  laterals.  Many  such  devices  have 
been  designed  in  the  West,  but  few  have  proved  entirQ^y^atisfactory. 
What  is  the  most  satisfactory  type  it  is  not  now  possible  to  determine, 
although  it  is  probable  that  light  will  be  thrown  on  this  subject  by 
the  investigations  of  small  measuring  devices  now  being  conducted  by 
the  irrigation  and  drainage  investigations  in  several  States  in  the  West. 
When  there  is  sufficient  grade  in  the  farm  laterals  to  give  the  required 
free  overfall,  no  device  is  likely  to  be  designed  that  is  superior  to  the 
CipoUetti  weir.  On  many  of  the  laterals  in  Modesto  and  Turlock 
districts,  however,  the  necessary  fall  is  not  available,  and  consequently 
some  modification  of  the  rating  flume  or  opening  under  pressure  will 
have  to  be  adopted. 

The  vital  point  in  any  distributing  system  is  in  getting  competent 
and  tactful  ditch  tenders,  and  in  providing  the  canal  superintendent 
with  sufficient  help,  so  that  their  work  can  be  properly  supervised. 
Men  of  good  judgment  can  divide  water  with  fair  satisfaction  if  they 
are  provided  with  no  measuring  devices  whatever.  Constant  practice 
enables  them  to  estimate  the  desired  ''head"  with  a  considerable 
degree  of  accuracy.  With  proper  measuring  facilities,  however,  their 
work  is  very  much  more  satisfactory.  If  ditch  tenders  in  Modesto 
and  Turlock  districts  could  look  forward  to  promotions  and  increases 
in  salaries  at  definite  times  for  efficient  and  faithful  service,  so  that 
there  would  be  inducements  for  them  to  remain  permanently  in  the 
service  of  the  districts  and  to  prepare  themselves  for  their  duties,  it 
would  be  possible  to  secure  better  trained  men  than  are  now  employed. 
To  be  thoroughly  competent  a  ditch  tender  charged  with  distributing 
water  to  irrigators  should  be  familiar  with  the  ordinary  units  of  water 
measurement,  and  with  the  more  simple  methods  of  measurement — 
that  is,  he  should  know  the  meaning  of  such  common  terms  as  ''  miner's 
inch"  and  ''  cubic  foot  per  second,"  and  should  be  able  to  install  and 
use  such  devices  as  measuring  weirs  or  flumes.  He  should  also  under- 
stand thoroughly  the  basis  on  which  water  is  being  divided,  the 
approximate  water  requirements  of  the  principal  crops,  the  evils  and 
evidences  of  overirrigation,  and  how  to  apply  water  to  land.  With 
this  knowledge,  practical  experience  in  repairing  breaks,  energy,  tact, 
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and  faithfulness,  a  ditch  rider  could  make  himself  the  most  useful 
man  in  the  community,  and  have  his  advice  sought  and  followed  by 
irrigators.  It  is  not  reasonable,  however,  for  the  districts  to  expect 
to  get  men  with  these  qualifications  unless  a  greater  reward  is  prom- 
ised than  the  present  wage  of  $50  a  month,  or  $60  a  month  where  a 
horse  is  needed.  In  1904  Modesto  and  Turlock  districts  together 
paid  out  not  to  exceed  $10,000  for  the  services  of  ditch  tenders  charged 
with  the  division  of  water.  This  water  made  possible  the  production 
of  crops  worth  at  the  least  a  quarter  of  a  million  dollars.  It  is  entirely 
reasonable  to  suppose  that  better  trained  ditch  riders  would  have 
greatly  incmased  the  output  of  the  27,000  acres  that  were  irrigated. 
An  increase  in  value  of  only  25  cents  an  acre  would  have  made  good 
a  substantial  addition  to  the  salaries  of  the  men  who  divided  the 
water,  besides  providing  the  salaries  of  at  least  one  overseeing  assist- 
ant to  aid  each  superintendent. 

Both  Modesto  and  Turlock  districts  offer  excellent  opportunities  for 
the  organization  of  local  associations  of  water  users,  especially  of  those 
taking  water  from  any  one  lateral  or  sublateral.  Central  associations 
for  each  district  have  already  been  formed,  but  it  is  believed  that  as 
the  interests  of  the  irrigators  on  any  lateral  or  sublateral  become  more 
closely  welded,  as  they  will  when  more  land  is  brought  under  irriga- 
tion, the  irrigators  will  find  it  to  their  advantage  to  organize.  The 
main  laterals  will  some  day  bear  the  same  relation  to  the  main  canals 
as  independent  ditches  on  many  streams  bear  to  the  streams  from 
which  they  lead,  and  while  the  interests  and  rights  of  the  different 
laterals  will  always  be  largely  in  common,  they  will  also  be  largely 
independent.  Exti*avagant  use  of  water  by  a  farmer  on  one  lateral  may 
not  affect  the  welfare  of  another  farmer  on  another  lateral,  but  it  does 
vitally  affect  the  interests  of  every  other  farmer  on  the  same  lateral. 
An  organization  of  all  having  this  common  interest  to  prevent  waste 
and  improve  practice  could  accomplish  much  good.  Such  an  associa- 
tion could  also  deal  as  a  unit  with  the  superintendent  in  the  appointment 
of  a  ditch  tender,  and  it  is  certain  that  any  such  organized  cooperation 
would  be  welcomed  by  the  superintendent.  An  association  of  users 
on  a  private  sublateral  could  act  intelligently  in  the  employment  of  a 
water  master  or  ditch  foreman,  who  could  receive  the  supply  for  the 
entire  sublateral  from  the  ditch  rider  on  the  main  lateral  and  distrib- 
ute it  according  to  the  rights  of  all  and  the  rules  of  the  association, 
subject,  of  course,  to  the  general  regulations  of  the  district.  Whether 
such  associations  are  or  are  not  formed,  it  is  certain,  if  the  most  is  to 
be  made  of  the  water,  that  the  irrigators  will  have  to  take  an  active, 
intelligent  interest  in  the  problems  of  distribution  and  be  ready  to 
cooperate  with  the  superintendents  and  ditch  riders  under  them  in  a 
business-like,  effective  manner. 
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CONCLTrSION. 

When  grain  growing  yielded  large  returns,  both  in  bushels  and  in 
money,  and  when  the  people  were  few  and  the  areas  large,  bonanza 
farming  in  San  Joaquin  Valley  was  the  best  farming  for  both  the 
land  and  the  people  because  it  was  the  only  farming  possible  while 
this  great  valley  was  changing  from  a  pasture  to  a  farm.  It  demon- 
strated California's  worth  as  an  agricultural  State  and  advanced  her 
well  up  in  the  list  of  wheat  producers  of  the  country.  The  time  came, 
however,  when  bonanza  farming  was  no  longer  profitable,  and  when 
the  natural  opportunites  of  the  valley  could  be  most  nearly  taken 
advantage  of  bj  changing  it  from  a  10-horse  to  a  2-horse  country. 
This  change  took  place,  or  is  taking  place,  later  in  the  sections  cov- 
ered by  Modesto  and  Turlock  districts  than  in  some  others  in  the 
valley.  Its  results,  however,  are  already  apparent  even  to  the  hur- 
ried traveler,  whose  eye  can  not  escape  the  refreshing  change  from 
the,  homeless  fields  of  growing  grain  or  stubble  of  only  four  years  ago 
to  the  40-acre  and  80-acre  tracts  of  alfalfa,  each  with  its  plain  but 
substantial  farm  house  and  barn,  and  its  checks  and  lateral  ditc^hes. 
Intensive  farming,  with  large  returns  from  small  areas,  is  taking  the 
place  of  the  soil  exploitation  of  the  past  half  century,  anS  the  people  of 
these  districts  are  face  to  face  with  an  opportunity  to  create  attractive 
and  prosperous  communities  that  will  be  a  credit  to  themselves  and  to 
California.  They  have  practically  the  first  right  to  one  of  the  best 
irrigation  supplies  in  the  State — a  river  that  in  almost  any  other  irri- 
gated section  would  be  called  upon  to  fill  several  score  canals  and 
ditches.  They  have  soil  that  offers  no  more  than  the  ordinary 
problems  of  culture  and  management,  and  a  climate  that  is  highly 
favorable  to  nearly  every  agricultural  product  California  will  be  called 
upon  to  grow.  But  with  these  natural  advantages  they  have  serious 
responsibilities.  By  their  own  experience  they  must  develop  systems 
of  management  and  cropping  and  rotation  that  will  simultaneously, 
and  without  wasteful  periods  of  fallow,  yield  rich  harvests  and  con- 
serve soil  fertility;  by  seeing  the  evils  of  overirrigation  they  must 
learn  the  careful  use  of  water;  by  slow  and  trying  tests  of  canal  and 
water  management  they  must  devise  systems  of  water  division  and 
distribution  that  will  insure  each  irrigator  his  just  share  of  an  ample 
supply.  As  more  land  is  prepared  for  irrigation  and  more  crops 
planted  that  will  require  a  late  water  supply,  reservoirs  will  need  to 
be  constructed  on  the  upper  waters  of  the  Tuolumne,  and  the  districts 
will  be  required  to  face  the  problems  this  additional  supply  will  entail 
with  the  same  resolution  that  was  required  in  the  building  of  canals 
and  diversion  works. 

It  is  well  for  Modesto  and  Turlock  irrigation  districts  that  bonanza 
grain  farming  ceased  to  be  profitable.     So  long  as  it  was  profitable  the 
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better  things  that  water  and  small  areas  and  thrifty  farmers  would 
bring  could  not  come.  A  few  farmers  had  become  rich  by  it,  but 
manj'^  more  were  made  poor  and  the  towns  were  languishing.  The 
gang  plow  and  combined  harvester  had  made  the  vallej^  what  it  was, 
but  if  continued  in  operation  they  promised  to  bring  about  its  ruin. 
It  was  therefore  a  distinct  economic  gain  when  large  areas  of  grain 
land  were  included  within  the  districts  and  made  liable  for  taxes  which 
the  old  style  of  farming  would  not  justify.  The  breaking  up  of  these 
areas  is,  of  course,  already  under  way,  and  with  #the  present  district 
organizations  in  operation  it  is  inevitable  that  it  shall  continue  until 
the  average  farm  unit  is  40  acres,  or  even  less,  rather  than  many  times 
that,  as  in  the  past.  It  is  natural,  however,  that  there  should  have 
been  decided  opposition  to  any  law  or  any  organization  that  required 
a  general  water  tax,  whether  water  was  used  or  not.  It  is  also  natural 
that  farmers  who  once  made  fortunes  in  these  districts  without  irriga- 
tion should  even  to-day  be  reluctant  to  learn  the  new  lesson  that  im- 
gation  requires.  Nevertheless  it  is  certain  that  advance  has  begun, 
and  that  this  advance  will  be  rapid  or  slow  as  the  settlers  in  these  dis- 
tricts learn  how  to  use  water  carefully  and  eflfectively  and  how  to 
stand  by  each^other  in  dividing  and  distributing  it. 

ACKHOWLEDOMEHTS. 

In  closing  this  report  it  is  a  pleasure  to  acknowledge  the  assistance 
and  helpful  suggestions  of  the  officers  of  Modesto  and  Turlock  dis- 
tricts, especially  the  superintendents,  Mr.  H.  S.  Crowe,  of  the  former, 
and  Messrs.  B.  W.  Child  and  L.  F.  Hastings,  of  the  latter.  Mention 
should  also  be  made  of  assistance  rendered  in  the  field  by  Mr.  E.  A. 
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FOBMS  FOB  CANAL  BECOBDS. 

On  recommendation  of  the  irrigation  and  drainage  investigations, 
the  forms  printed  below  have  been  adopted  by  Modesto  irrigation 
district  for  keeping  records  of  the  diversion  and  use  of  water.  Form 
No.  1  represents  a  page  in  the  ditch  tenders'  record  books  and  is 
designed  for  keeping  track  of  the  flow  of  water  in  the  main  canal  and 
in  the  laterals.  Form  No.  2  represents  one  side  of  a  mailing  card  for 
use  in  forwarding  records  of  the  flow  in  the  main  canals  and  laterals 
to  the  superintendent.  Form  No.  3  represents  a  page  in  the  ditch 
tenders'  record  books  and  is  designed  for  keeping  a  record  of  the 
delivery  of  water  to  users  and  of  the  daily  work  performed  by  the 


Digitized  by  VjOOQIC 


MODESTO    AND   TUBLOCK    IRRIGATION    DISTRICTS,   OAL.       137 

ditch  tenders.  Form  No.  4  represents  the  sheet  to  be  used  by  the 
ditch  tenders  in  forwarding  to  the  superintendent  weekly  reports  of 
water  delivered  and  work  done. 

No.  1. 

Modesto  Irrigation  District. 

Record  of  gauge  heights  in during  month  of ,  190 — . 


Day. 

Time. 

Gauge  height. 

Day. 

Time. 

Gauge  height. 

Feet. 

Tenths. 

Feet. 

Tenths. 

1 ... 

1 

17 

2 

18 

3 

19 

4 

1 1 

20 1 

! 

5 

1 

2i::::::. ::::;:::: :::::::: 

6 

1 1 

22 

7 1 

23 ::::::::  ::::i     :: 

8 ■ 

24 



9 

26 

10 1 

26 1 

11 1 

27 

12 ' 

28 

13 

29 1 

U 1 

30 ' 

y 

15 

31 -  -  - 

16 -     ..  --.j...  -  -  .. 

! 

Remarks: 


No.  2. 
Modesto  Irrigation  District. 
Record  of  gauge  heights  in for  week  ending  - 


-,  190—. 


Month. 

Day. 

Time. 

Gauge  height. 

Remarks. 

Feet.       Tenths. 

Sunday  

# 

Monday 

Tuesday 

Wednesday ' 



Thursday 

j 

Friday 

1 

Saturday 

! 

Under  "Remarks"  mention  any  unusual  conditions,  aa  "flood,"  "break  in  ditch,"  etc.,  and  state 
how  long  water  was  out  of  ditch  and  when,  if  at  all. 
Forward  this  card  promptly  at  end  of  week. 

(Signature.) . 
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No.  3. 


Date- 


190-. 


Modesto  Irrigation  District. 
Water  delivery  record. 


Time  water 

Time 

water 

shut  off. 

Number  of  acres  irrigated. 

Users  receiving  water  this  date.                  to^h^d^ 

;     gate.- 

Alfalfa. 

Orchard 

and 
vineyard. 

Other. 

1 

1 

1 

Total i 

WaH  supply  ample  or  short  on  this  date?    . 

Work  done  on  this  date  in  addition  to  delivering  water:  - 


No.  4,  page  1. 


Section  or  lateral  - 


Modesto  Irrigation  District. 
Report  of  water  delivered  and  work  done  during  week  ending  - 


-,  190—. 


I 


Number  of  acres  irrigated. 


Number  of 
L>era  receiving  water  during  week.            hours 

1  water  used. 

1    Orchard 
Alfalfa.      and  vine- 
yard. 

other. 

Total. 

i 

1 

V 

; 

i 

1 

( 

1 

1 

i    

r 
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No.  4,  page  2. 

Work  done  during  week  in  addition  to  delivering  water: 
Sunday: 
Monday: 
Tuesday: 
Wednesday: 
Thursday: 
Friday: 
Saturday: 

,  DUch  Tender, 


[Indorsement.] 
Modesto  Irrigation  District. 


Report  of  ditch  tender  on 


for  week  ending ,  190 — . 
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RELATION   OF  IRRIGATION  TO  YIELD,  SIZE,  QUALITY, 
AND  COMMERCIAL  SUITABILITY  OF  FRUITS 

By  E.  J.  WicKsoN, 

Jhrofe890T  of  AgricuUural  Practice  in  the  University  of  California  and  BorticuUuridt  of  the 
California  AgricuUural  Experiment  Staticn. 

nrTKODUCTIOH. 

In  earlier  publications  of  the  Department**  the  writer  has  endeavored 
to  prepare  useful  statements  of  irrigation  policies  and  methods  from 
the  point  of  view  of  the  irrigator  himself,  securing  the  data  by  careful 
inquiry  from  the  experience  of  several  hundred  irrigators  in  the 
Pacific  coast  States.  These  publications  ha^te  been  helpful  to  many 
beginners  who  have  a  strong  liking  for  plain'  prescriptions  and  they 
have  also  had  a  certain  interest  to  those  conducting  special  investiga- 
tions. It  has  seemed  fitting  to  pursue  the  inquiry  along  the  practical 
side  one  point  further  and  draw  from  experienced  irrigators  their  con- 
clusions as  to  the  effects  of  irrigation  upon  the  commercial  availability 
and  value  of  fruits.  The  inquiry  had  the  further  object  of  securing 
practical  suggestions  for  the  assistance  of  beginners.  The  following 
questions  were  prepared  with  the  idea  of  drawing  out  experience  upon 
several  lines  of  value  and  importance  in  commercial  fruit  production: 

(1)  Can  you  give  weight  or  measure  of  the  product  of  a  single  irri- 
gated tree  or  vine,  or  per  acre?    Compare  with  nonirrigated. 

(2)  Is  there  any  difference  in  regularity  of  bearing? 

(3)  How  do  irrigated  and  nonirrigated  fruits  compare  in  size,  flavor, 
aroma,  and  general  appearance? 

(4)  What  has  been  your  experience  in  shipping  irrigated  fruits,  or 
in  selling  to  shippers? 

(5)  What  has  been  your  experience  in  canning  irrigated  fruits,  or 
in  selling  to  canners? 

(6)  What  has  been  your  experience  in  drying  irrigated  fruits,  or  in 
selling  to  driers? 

(7)  Has  your  irrigated  fruit  won  prizes  or  awards  at  fairs  or  expo- 
sitions?   If  so,  when  and  where? 

0 Farmers'  Bulletin  No.  116,  "Irrigation  in  fruitgrowing;"  Farmers*  Bulletin  No. 
138,  "Irrigation  in  field  and  garden;"  and  Bulletin  No.  108,  Office  of  Experiment 
Stations,  "Irrigation  practice  among  fruit  growers  on  the  Pacific  coast." 
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(8)  Do  you  know  of  fruits  or  fruit  trees  or  vines  being  injured  in 
any  way  by  irrigation?     If  so,  in  what  respect? 

These  questions  were  sent  to  about  300  growers  of  irrigated  fruits 
in  the  States  of  Idaho,  Washington,  Oregon,  and  California  and  to  a 
number  of  shippers,  driers,  and  canners  who  had  used  irrigated  fruits 
in  their  trade  or  manufacture.  The  response  from  all  the  above-indi- 
cated interests  was  very  satisfactory;  a  very  free  expression  of  belief 
and  a  very  ample  citation  of  experience  were  secured.  It  is  the  aim 
of  this  publication  to  deduce  from  this  collection  certain  facts  which 
seem  to  be  clearly  established  by  experience;  to  enforce  them,  where 
desirable  for  beginners  in  irrigation,  with  some  account  of  the  general 
principles  which  underlie  them;  to  give  due  attention  to  responses 
which  seem  to  contmdict  the  prevailing  conclusions  on  the  same  points 
and  to  account  for  the  divergence  of  views  by  reference  to  different 
controlling  conditions  which  give  rise  to  it. 

The  citation  of  experience  in  condensed  form  will  follow  as  closely 
as  possible  the  exact  wording  of  the  writers,  whose  names  are  given. 
The  geographical  arrangement  will  be  in  general  from  north  to  south, 
as  previously  followed  in  Bulletin  No.  108  (Office  of  Experiment  Sta- 
tions), to  which  the  reader  is  referred  for  description  of  the  irrigated 
areas  and  a  map  of  the  distribution  of  irrigation  practice.  That  bul- 
letin also  introduces  the  names  of  many  who  have  contributed  to  the 
present  inquir}^  and  calls  attention  to  interesting  features  of  their 
irrigation  and  cultivation  methods.  In  this  respect  this  report  may 
be  regarded  as  supplementary  to  Bulletin  No.  108. 

QUANTITT  OF  PRODUCT  AS  AFFECTED  BT  IREIGATIOH. 

This  is  a  matter  which  is  really  not  in  controversy  in  its  general 
features,  for  there  is  a  general  disposition  to  credit  irrigation  with 
greatness  of  product;  in  fact  this  concession  is  often  made  with  the  view 
of  denying  its  desirability — a  question  which  will  be  discussed  later. 
There  is,  however,  a  question  newly  broached  and  now  commanding 
much  attention,  viz,  how  far  is  irrigation  desirable  in  regions  of  con- 
siderable rainfall,  or,  in  other  words,  how  much  water  can  a  fruit  tree 
or  vine  use  to  the  profit  of  its  owner?  It  is  more  clearly  appearing 
each  year,  as  Pacific  coast  trees  become  older,  larger,  and  with  greater 
bearing  capacity,  that  more  water  is  desirable  than  earlier  in  the  life 
of  the  plant  and  that  in  the  same  locality  some  water  in  addition  to  an 
average  rainfall,  and  much  water  in  addition  to  an  occasionally  scant 
rainfall,  make  for  the  strength  and  capacity  of  the  tree,  which  are 
manifested  in  the  aggregate  weight  of  the  product.  The  recognition 
of  this  fact  is  carrying  irrigation  practice  each  year  farther  into  the 
regions  where  the  heaviest  rainfall  is  received,  which,  on  the  annual 
rainfall  figures  alone,  are  called  humid.     Really,  the  districts  in  which 
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the  advantages  of  irrigation  are  now  most  warmly  discussed  are  the  dis- 
tricts where  a  few  years  ago  freedom  from  irrigation  was  gloried  in,  and 
in  such  districts  the  most  striking  instances  of  the  commercial  benefits  of 
irrigation  are  to  be  found.  The  old  contrast  between  the  desert  and  the 
irrigated  garden  remains,  of  course,  but  it  is  accepted  and  admired  in 
silence.  The  contrast  which  awakens  most  interest  is  that  between  the 
product  of  irrigation  and  that  of  rainfall  where  the  latter  was  formerly 
held  to  yield  all  the  water  that  could  be  desired.  It  requires  a  few 
more  years  of  experience  to  multiply  instances  along  this  line,  but  they 
will  be  found  ere  long  in  great  numbers  in  western  Washington  and 
Oregon  and  in  northern  California. 

In  the  individual  reports  of  observation  on  the  influence  of  irriga- 
tion upon  the  volume  of  produce,  all  comments  from  strictly^  arid 
localities  are  omitted.  Where  it  is  manifestly  impossible  to  grow 
fruit  without  systematic  irrigation,  the  considerations  which  it  is 
aimed  to  develop  in  this  connection  do  not  appear,  because  the  use  of 
irrigation  is  essential  to  any  produce  at  all.  The  comments  of  cor- 
respondents upon  the  growth  of  berries  and  of  citrus  fruits  are  also 
largely  eliminated  because  the  shallow  rooting  of  the  former  and  the 
evergreen  growth  of  the  latter  render  both  dependent  upon  irrigation 
during  the  long,  dry  season  to  a  degree  beyond  any  requirement  of 
deep- rooting  deciduous  fruit  trees  and  vines.  The  following  excerpts 
from  correspondence  then  appl}'^  to  localities  where  it  is  quite  possi- 
ble to  grow  the  fruits,  at  least  on  some  soils,  with  some  degree  of 
success,  without  irrigation,  so  that  comparison  with  adequate  use  of 
water  can  be  made: 


W.  G.  Whitney,  Payette:  The  weights  of  single  fruits  by  irrigation  are  increased 
about  10  per  cent  and  the  crops  about  50  per  cent. 

L.  A.  Porter,  Porters:  I  have  kept  no  account  of  unirrigated  trees,  as  neither  the 
growth  nor  the  fruit  was  such  as  to  excite  admiration. 

WASHINGTON. 

C.  Robinson,  Chelan :  Trees  here  are  planted  close,  say  16  to  20  feet  each  way.  As 
they  get  large  the  number  must  be  reduced  unless  irrigation  can  be  had. 

A.  L.  Graham,  Anacortes:  No  fruits  are  grown  by  irrigation  as  yet,  but  probably 
all  would  be  benefited  in  dry  seasons,  especially  apples  and  pears  during  August  and 
September. 

Jason  Whinery,  Spokane:  1  can  not  irrigate  my  land,  but  most  of  it  would  be 
greatly  benefited  by  it. 

OREGON. 

Seufert  Brothers,  The  Dalles:  I  have  picked  500  pounds  of  fruit  from  a  Royal  Ann 
cherry  tree  12  years  old.  Without  irrigation  it  would  not  yield  a  j)0und,  as  it  is  on 
dry  soil. 

W.  Dimmick,  Hubbard:  Not  much  irrigation  is  needed  in  the  Willamette  Valley, 
though  it  might  be  used  to  some  advantage. 

Ray  C.  Brown,  Roseburg:  The  prevailing  opinion  of  fruit  growers  in  this  section 
is  that  deciduous  fruits  need  no  irrigation.     For  myself,  I  am  of  the  opinion  that  the 
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moisture  retained  in  the  soil  daring  the  protracted  drought  of  July,  August,  and  Sep- 
tember would  easily  admit  of  supplement  by  judicious  irrigation. 
.  A.  H.  Carson,  horticultural  commissioner,  Grants  Pass:  There  is  not  a  40-acre 
tract  of  land  in  Josephine  County  on  which  an  abundance  of  wat^r  can  not  be  had 
by  digging  wells,  and  with  cheap  gasoline  or  electric  power  it  is  profitable  to  dig  the 
wells  and  use  the  water.  Especially  is  this  true  when  it  is  known  that  one  acre, 
intelligently  handled  with  water  to  irrigate  with,  will,  during  a  year,  produce  ten 
times  as  much  as  without.  To  illustrate,  dwell  Brothers,  of  Central  Point — com- 
mercial apple  growers— have  made  a  success  growing  apples  without  irrigation. 
These  successful  men  do  not  allow  themselves  to  drift — they  keep  on  doing  things. 
As  an  experiment,  last  year,  in  their  orchard  at  Central  Point,  they  put  in  a  gaso- 
line pumping  plant,  which  cost  them  for  well  and  gasoline  engine  and  gasoline  for 
the  season,  $720.  They  irrigated  100  apple  trees  and  last  fall  sold  the  apples  from 
their  irrigated  trees  for  $1,100 — $380  more  than  their  plant  cost  them.  Without 
irrigation,  these  100  apple  trees,  owing  to  the  very  dry  season  and  the  very  dry 
ground  where  they  were  situated,  would  not  have  matured  a  dollar's  worth  of  mar- 
ketable apples. 

CALIFORNIA. 

Owen  Daily,  Whitmore,  Shasta  County:  I  can  not  give  weight  or  measure,  but  I 
believe  irrigated  trees  produce  twice  the  amount  of  fruit  that  can  be  had  from  non- 
irrigated  trees  and  of  better  quality. 

W.  E.  Whitmore,  Whitmore,  Shasta  County:  Mr.  W.  A.  Smith  owned  a  dry  ranch 
10  miles  from  Millville,  at  an  elevation  of  1,200  to  1,500  feet,  the  soil  rocky,  a  clear- 
ing of  blue  oak  and  digger  pine.  He  had  early  grapes,  but  Muscats  did  not  mature. 
He  secured  irrigation  water,  and  since  then  has  had  good  Muscats  also. 

George  A.  Lamiman,  Anderson,  Shasta  County:  The  yield  of  good-sized  trees  by 
irrigation  will  be  about  200  pounds  of  fruit,  while  nonirrigated  trees  will  yield  from 
40  to  50  pounds. 

George  H.  Floumoy,  Coming,  Tehama  County:  Thomas  White,  of  Richfield,  gath- 
ered in  1903  from  50  to  60  pounds  of  peaches  from  trees  planted  in  dormant  bud  in 
1900.  Nonirrigated  trees  of  the  same  age  bear  nothing.  There  are  some  lands  in 
this  section  upon  which  fruits  do  well  without  irrigation,  but  I  do  not  know  of  any 
that  would  not  be  benefited  both  in  quality  and  quantity  of  products  by  the  proper 
use  of  water. 

W.  E.  Hazen,  Manton,  Tehama  County:  I  have  picked  and  weighed  a  ton  of 
apples  from  one  irrigated  tree.  Prunes  do  about  the  same.  Nonirrigated  treeo  do 
about  one-half  as  much. 

J.  L.  Barham,  Manton,  Tehama  County:  Irrigated  apples  are  large  (16  to  22 
ounces)  and  plenty  of  them.     Irrigated  prunes  run  mostly  40  to  50*8  and  50  to  GO'S. 

G.  M.  Gray,  Chico,  Butte  County:  I  am  satisfied  I  have  doubled  my  fruit  crops  by 
irrigation. 

Rio  Bonito  Orchard  Company,  Biggs,  Butte  County:  Irrigation  is  the  life  of  prone 
trees.  In  our  experience,  when  over  half  a  mile  from  a  river,  irrigation  has  increased 
the  size  of  the  trees  about  30  per  cent  and  the  crop  about  100  per  cent.  Since  com- 
mencing irrigation  I  have  never  had  a  failure  of  the  prune  crop,  regardless  of  years  of 
drought  and  other  causes.  Prunes  have  yielded  12.6  tons  to  the  acre,  green  weight. 
Cling  peaches  6.5  tons  to  the  acre  of  2i  inches  in  diameter  (cannery  size)  and  clean 
fruit.     Pears,  unirrigated  because  out  of  the  reach  of  water,  are  an  uncertain  crop. 

A.  D.  Cutts,  Liveoak,  Sutter  County:  We  have  determined  that  to  get  the  best 
results  with  deciduous  fruits  we  must  keep  moisture  at  the  roots  of  the  trees  from 
the  time  they  start  growth  until  the  fruit  is  picked.  There  is  no  question  in  my 
mind  as  to  the  value  of  irrigation  to  this  end,  as  we  have  grown  larger  peaches  than 
before,  while  most  growers  who  do  not  irrigate  get  very  small  fruit 
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C.  E.  Burns,  Fulton,  Sonoma  County:  From  what  I  see  of  orchards  in  this  county 
I  am  sure  that  the  trees  are  suffering  for  lack  of  moisture  and  would  be  greatly  bene- 
fited by  irrigation.  Some  of  the  trees  have  light  crops,  but  still  do  not  look  4s 
healthy  and  vigorous  in  leaf  and  shoot  as  they  should. 

E.  \V.  King,  Ukiah,  Mendocino  County:  Two  great  dangers  of  fruits  here  are,  first, 
frost;  second,  hot  weather  in  July  and  August,  which  burns  the  fruit.  The  latter,  I 
believe,  would  be  obviated  by  irrigation,  and  the  quality  and  quantity  of  the  fruit 
much  improved. 

A.  E.  Bumham,  Healdsburg,  Sonoma  County:  I  have  an  early  cherry  tree  which, 
after  bearing  three  or  four  years,  began  to  die  back.  The  leaves  would  droop  and 
wilt  soon  after  the  fruit  was  ripe.  I  had  a  well  sunk  close  to  it  for  my  windmill  anH 
3,000-gallon  tank,  for  house  and  bam  use.  More  or  less  water  was  thrown  around 
the  tree  and  it  started  to  recover,  and  hss  borne  several  crops  of  better  fruit,  and 
to-day  it  is  perfectly  healthy.  All  it  has  had  has  been  plenty  of  water  in  the  dry 
season.  I  have  4  cherry  trees  in  my  dooryard,  and  in  1903  apparently  every  bloom 
stuck,  and  about  the  time  the  fruit  should  begin  to  swell  out  the  cherries  looked  as 
though  they  would  be  good  for  nothing;  but  I  ran  water  from  the  tank  by  tons  until 
I  had  the  ground  soaked  deep.  The  fruit  began  to  swell  out  and  the  leaves  brighten, 
and  the  result  was  I  sold  nearly  $40  worth  of  fruit  for  canning  from  4  trees. 

John  T.  Harrington,  Colusa:  I  have  grown  oranges  weighing  78  pounds  to  the  box 
by  irrigation  and  a  thorough  system  of  cultivation. 

T.  J.  Wagoner,  Rough  and  Ready,  Nevada  County:  From  3  irrigated  Crawford 
peach  trees  I  have  picked  40  boxes  of  fruit.  The  average  of  the  orchard  was  8  boxes 
per  tree  (20  pounds  per  box),  and  they  sold  at  60  cents  per  box. 

P.  W.  Butler,  Penryn,  Placer  County:  Fruits  can  be  grown  without  irrigation,  but 
it  ifi  absolutely  obligatory  in  this  region  that  they  have  irrigation  if  grown  for  profit. 

W.  R.  Fountain,  Newcastle,  Placer  County:  My  780  cling  peaches  (irrigated)  have 
yielded  from  53  to  70  tons  of  canners'  size  fruit,  and  are  cropped  every  year. 

F.  B.  McKevitt,  Vacaville:  I  have  known  a  single  irrigated  2-year-old  peach  tree 
unpruned  and  the  long  growth  staked  up  to  produce  200  pounds  of  peaches. 

W.  J.  Pleasants,  Winters,  Yolo  County:  We  have  in  Pleasants  Valley  about  26 
inches  of  rainfall  upon  an  average  each  year.  I  do  not  believe  we  need  irrigation 
here  for  growing  fruit  because  of  the  heavy  clay  subsoil  which  prevents  the  water 
from  escaping  from  below.  On  the  other  hand,  any  soil  that  has  a  gravelly  or  sandy 
subsoil  can  be  greatly  benefited  by  irrigation  because  the  rainfall  in  the  winter  goes 
through  and  leaves  the  tree  roots  dry.  Land  with  this  gravelly  or  sandy  subsoil 
should  have  water  in  spring  and  summer  to  get  the  best  results.  A  great  deal  of  the 
soil  of  the  Sacramento  Valley  has  such  subsoil  and  shows  the  want  of  summer  irri- 
gation. In  many  places  irrigation  would  double  the  production  and  value  of  the 
lands. 

Edgar  J.  De  Pue,  Yolo,  Yolo  County:  We  are  fully  satisfied  that  without  irrigation 
our  crop  would  virtually  h^ve  perished  during  the  past  few  years.  We  have  500 
acres  and  aim  to  irrigate  the  whole  of  it.  We  have  found  water  particularly  bene- 
ficial to  almonds,  assisting  the  development  of  the  hull  as  well  as  the  kernel  and 
preventing  '^sticktights.*' 

Charles  W.  Landis,  Folsom  City,  Sacramento  County:  The  early  varieties  of  decid- 
uous fruits  are  not  irrigated  here,  and  plums  and  prunes  seem  to  mature  without 
irrigation.  No  satisfactory  results  have  been  obtained  from  irrigating  almond  trees. 
Peaches  and  grapes  are  irrigated,  though  all  these  fruits  will  grow  and  come  to 
maturity  without  water  yet  the  net  results  usually  pay  more  than  the  expense  of 
irrigation. 

William  Johnston,  Courtland,  Sacramento  County:  Twice  in  my  life  I  thought  it 
best  to  irrigate  peach  trees,  and  these  times  were  two  dry  years  twenty  years  apart. 
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At  these  times  the  water  applied  proved  of  great  value,  but  ordinarily  I  do  not  think 
we  need  irrigation. 

.  Vital  E.  Bangs,  Modesto,  Stanislaus  (bounty:  I  know  of  but  one  orchard  here  that 
has  yielded  fair  crops  without  irrigation  and  that  is  an  olive  orchard  half  a  mile 
north  of  Modesto,  but  even  this  orchard  could  be  made  to  increase  its  yield  by 
irrigation. 

A.  J.  PI  esse,  Merced,  Merced  County:  I  have  irrigated  peach  trees  seven  months 
from  planting  which  are  larger  than  the  average  of  4-year-old  trees  planted  on  an 
adjacent  dry  land  and  grown  without  irrigation. 

W.  S.  Shelly,  Hollister,  San  Benito  County:  On  land  short  of  natural  moisture 
irrigation  will  increase  production  from  10  to  20  per  cent. 

Charles  Downing,  Armona,  Kings  County:  My  pear  orchard  is  subirrigated  by 
seepage  from  the  main  ditches.  There  are  two  or  three  spots  where  the  ground  is 
higher  than  the  average  of  the  orchard  on  which  the  trees  are  not  of  as  vigorous 
growth  nor  do  they  yield  fruit  of  the  same  value  as  the  average  trees  of  the  orchard. 
In  my  peach  orchard  a  sand  streak  is  noticeable  by  failure  of  trees  to  grow,  probably 
because  the  streak  will  not  hold  the  water. 

Frank  Femmons,  Ahwahnee,  Madera  County:  I  have  weighed  80  pounds  as  the 
product  of  a  single  irrigated  grape  vine  and  estimated  5  tons  on  one-half  an  acre. 

H.  J.  Dennison,  Nordhoff,  Ventura  County:  The  soil  of  the  Ojai  Valley  is  very 
deep  and  rich,  and  with  good  winter  rainfall  and  spring  rains  we  can  grow  very  good 
fruit  without  irrigation.  I  have,  however,  a  few  fruit  trees  near  a  water  tank,  which 
have  been  irrigated,  and  their  product  is  larger  and  the  fruit  finer  and  larger  than 
unirrigated  trees.  I  believe  irrigation  would  much  improve  the  product,  and  in  dry 
years  would  perhaps  double  it. 

E.  S.  Thacher,  Nordhoff,  Ventura  County:  1  am  now  beginning  to  irrigate  a  lai^ 
olive  orchard,  being  satisfied  that  in  this  locality  olive  trees  can  not  be  made  to  bear 
heavily  without  water  after  they  have  gained  considerable  size. 

Robert  Dunn,  Fillmore:  By  my  experience  in  Ventura  County  I  found  that  irri- 
gated apricot  trees  averaged  300  pounds  per  year  for  five  years,  while  other  trees  of 
the  same  age  in  the  same  soil,  but  not  irrigated,  did  not  average  100  pounds  per  tree. 

P.  F.  Cogswell,  Elmonte,  Los  Angeles  County:  My  English  walnut  trees  (on  sandy 
loam,  25  feet  to  water)  are  vigorous  and  thrifty,  showing  lai^  new  growth  each  year 
and  well-filled  nuts  of  good  weight.  In  other  orchards  on  equally  good  soil  and 
other  conditions  the  same,  but  not  irrigated,  or  so  little  water  used  as  to  be  practi- 
cally useless  to  a  walnut,  the  trees  show  little  or  no  growth,  much  dead  wood  in  the 
tops,  and  nuts  small  and  not  well  filled.  In  another  situation  a  12-year-old  walnut 
orchard,  unirrigated,  yielded  less  than  $20  per  acre,  while  irrigated  orchards  of  the 
same  age  yielded  $100  per  acre,  and  the  unirrigated  trees  of  12  years  old  are  no  laiiger 
than  irrigated  trees  at  5  years  of  age. 

II.  D.  Briggs,  Azusa,  Los  Angeles  County:  I  have  always  irrigated,  as  I  knew  the 
returns  would  not  be  satisfactory  if  I  did  not.  I  have  picked  1,000  pounds  of  apri- 
cots from  one  tree. 

Henry  D.  Engelhard t,  Glendora,  Los  Angeles  County:  A  tree  or  vine  properly  irri- 
gated will  bear  50  to  100  per  cent  more  fruit  than  one  which  has  no  irrigation. 

James  Boyd,  Riverside:  I  have  a  small  family  orchard  of  deciduous  fruits  which 
has  been  irregularly  irrigated  with  waste  water,  but  not  irrigated  from  July  to  Sep- 
tember. This  year  the  irrigation  has  been  r^ular  and  thorough,  and  the  trees  and 
fruit  are  in  better  shape  than  ever  before,  apples  especially.  The  trees  have  much 
better  foliage,  are  making  a  better  growth,  and  the  fruit  is  better  developed. 

J.  H.  Reed,  Riverside:  We  had  considerable  mixed  plantings  of  deciduous  fruits 
with  oranges,  and  used  plenty  of  water,  but  judiciously.  Our  trees  were  in  bearing 
much  earlier  than  adjacent  nonirrigated  trees— in  fact,  paid  for  the  planting  and  care 
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of  the  citrus  trees  up  to  the  time  the  latter  began  bearing.  This  was  a  great  saving, 
not  to  speak  of  the  increased  crops  later. 

I.  Ford,  Redlands:  Apples  can  be  grown  in  the  mountains  at  5,000  feet  elevation 
without  irrigation  by  careful  cultivation,  but  with  a  full  crop  the  fruit  is  much  finer 
and  larger  with  irrigation.  Ten-year-old  apple  trees  will  yield  10  tons  per  acre  with 
a  fair  crop.  My  Ben  Davis  apple  trees,  planted  in  1899,  averaged  40  pounds  per  tree 
in  1903,  4,800  pounds  per  acre,  as  the  trees  are  planted  15  by  20  feet,  with  expecta- 
tion of  thinning  the  trees  when  older.  This  would  not  be  possible  without  irriga- 
tion, as  in  that  case  the  trees  ought  to  be  planted  not  closer  than  30  by  30  feet;  in  fact, 
an  apple  grower  at  Julian,  not  using  irrigation,  says  he  would  plant  apple  trees  50 
by  50  feet,  as  they  bear  so  much  better.  The  difference  in  production  of  120  trees 
or  20  trees  per  acre  for  the  first  five  years  of  bearing  will  pay  for  the  orchard  many 
times  over,  and  this  is  made  possible  by  irrigation. 

W.  8.  Corwin,  Highland,  San  Bernardino  County:  Irrigated  trees  give  25  percent 
more  fruit  than  unirrigated. 

C.  A.  Walter,  Independence,  Inyo  County:  My  experience  of  forty  years  convinces 
me  that  the  best  way  to  raise  fruit  is  by  irrigation. 

R.  Egan,  Capistrano,  Orange  County:  With  full-bearing  English  walnut  trees,  30 
trees  to  the  acre,  the  yield  for  several  years  has  been  125  to  135  pounds  per  tree. 

A.  S.  Bradford,  Fullerton,  Orange  County:  The  yield  of  peaches,  apricots,  and 
apples  has  been  fully  one-third  to  one-half  greater  with  irrigation,  and  the  fruit  is 
larger. 

D.  Edson  Smith,  Santa  Ana,  Orange  County:  In  a  few  localities,  where  the  soil  is 
of  such  nature  that  it  persistently  retains  its  moisture,  apricots  may  be  grown  to  per- 
fection with  proper  cultivation  when  we  have  an  unusual  amount  of  rain,  but  as  a 
general  proposition  irrigation  is  necessary  in  order  to  secure  the  l)est  fruit. 

H.  Culbertson,  El  Cajon,  San  Diego  County:  It  is  safe  to  say  that  an  orchard  irri- 
gated from  the  first,  compared  with  one  not  irrigated,  will  yield  five  times  as  much 
fruit  at  5  years  old.  The  difference  for  grapes  would  not  ordinarily  l)e  so  great. 
Peaches  at  8  years  old,  under  proper  treatment,  will  yield  an  average  of  300 
pounds  of  marketable  fruit  to  the  tree.  I  have  done  this  and  know  of  others  who 
have  done  better.  Well-irrigated  raisin  grapes  with  me  have  produced  2  tons  of 
raisins  to  the  acre,  where  one-fourth  that  amount  would  have  been  a  good  yield  with- 
out irrigation. 

Lewis  E.  Kent,  Poway,  San  Diego  County:  There  is  no  doubt  about  the  desira- 
bility of  irrigation,  as  one  can  easily  see  the  increased  crops  by  irrigation,  grapes  and 
olives  especially. 

It  is  very  significant  that  there  is  such  unanimity  in  favor  of  irriga- 
tion, although  many  of  the  growers,  whose  conclusions  are  quoted 
above,  are  situated  in  districts  having  considerable  rainfall.  It  is 
notable  that,  in  fact,  no  reports  denying  the  eflSciency  of  irrigation  in 
increasing  the  product  of  trees  and  vines  were  received,  although  there 
are,  manifestly,  conditions  under  which  irrigation  is  not  essential  to 
the  fullest  service  of  the  fruiting  plants  and  therefore  hardly  worth 
providing.  Correspondents,  however,  did  not  consider  this  point 
worth  making  in  their  reports.  This  clearly  indicates  a  change  in  the 
public  mind  with  respect  to  irrigation  in  fruit  growing  and  betokens 
full  recognition  of  its  importance.  A  few  years  ago  objections  to  irri- 
gation as  either  unnecessary  or  undesirable,  or  both,  would  have  been 
urged  by  scores  of  correspondents  when  offered  such  an  opportunity 
as  this  inquiry  placed  before  them. 
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REGULARITT  OF  BEARIHG  AS  AFFECTED  BT  IREIGATIOH. 

Thi&  subject  has  only  recently  risen  to  its  proper  place  in  the  discus- 
sion of  fruit-growing  policies  on  the  Pacific  coast.  The  declaration 
of  the  principle  on  which  regular  production  rests  that  the  fruiting 
plant  requires  moisture  for  two  distinct  functions  during  its  active 
season  is  not  new,  but  the  appreciation  of  its  truth  and  practical  bear- 
ings is  recent.  It  has  been  forced  upon  the  attention  by  investigations 
at  the  Wisconsin  Experiment  Station,**  showing  that  the  tree,  in  cer- 
tain cases  at  least,  was  devoting  energy  to  the  development  of  the 
fruit  buds  for  the  following  year  and  carrying  the  burden  of  the  cur- 
rent crop  at  the  same  time.  It  was  known  that  the  tree  forms  fruit 
buds  in  the  later  months  of  growth  after  its  fruit  may  have  matured, 
but  the  announcement  of  the  earlier  undertaking  of  this  function 
strongly  emphasizes  the  necessity  of  ample  moisture  supply,  not  alone 
for  the  current  crop  but  for  the  succeeding  crop.  For  this  reason  an 
effort  was  made  in  this  inquiry  to  secure  facts  from  wide  observation 
as  to  the  relation  of  irrigation  to  regularity  of  bearing.  Formed}^ 
recourse  was  had  to  pruning  to  lessen  amount  of  bearing  wood  and 
reduce  the  burden  of  the  tree  after  the  fruit  had  set.  The  newer 
idea  is  to  supply  water  to  enable  the  tree  to  carry  more  fruit  to  satis- 
factory size  and  at  the  same  time  to  prepare  for  the  following  year. 
In  fact  the  relation  of  adequate  moisture  to  the  strength  and  effective- 
ness of  the  fruit  bud  has  come  to  be  widely  appreciated.  The  follow- 
ing are  the  views  of  growers  upon  these  points: 

IDAHO. 

A.  Mcpherson,  Boise:  Irrigated  trees  bear  more  regularly. 

L.  A.  Porter,  Porters:  I  do  not  think  there  is  any  difference  in  regularity  of  bearing. 

WASHINGTON. 

F.  E.  Thompson,  North  Yakima:  Irrigated  fruits  bear  more  regularly  in  this 
locality. 

J.  H.  James,  Waitsburg:  My  experience  is  that  there  is  not  much  difference  in 
regularity  of  bearing. 

OREGON. 

Seufert  Brothers,  The  Dalles:  Irrigated  are  surer  to  bear  because  growth  is  later  on 
soil  filled  with  cold  water,  and  the  bloom  is  delayed  until  after  early  spring  frosts  are 
over.     We  never  miss  a  crop. 

J.  R.  Casey,  Ashland:  Regularity  of  bearing  is  in  favor  of  irrigated  trees. 

CALIFORNIA. 

Owen  Daily,  Whitmore,  Shasta  County:  Irrigated  trees  will  bear  more  regularly. 

George  A.  Lamiman,  Anderson,  Shasta  County:  Irrigated  trees  are  more  regular 
in  bearing. 

O.  E.  Graves,  Redbluff,  Tehama  County:  Irrigated  prunes  are  more  regular  in 
bearing. 
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Fred  Scharr,  Red  bluff,  Tehama  County:  Irrigation  after  fruit  ripens,  to  keep  the 
buds  growing  for  the  next  year,  insures  regularity  of  bearing. 

George  H.  Flournoy,  Coming,  Tehama  County:  After  twenty  years*  experience,  I 
am  perfectly  assured  that  irrigated  trees  are  much  more  regular  in  bearing. 

W.  E.  Hazen,  Manton,  Tehama  County:  Apple  trees  will  bear  every  other  year. 
If  they  bear  a  full  crop  one  year  they  w^ill  not  bear  the  next.  Prunes  will  bear 
regularly  every  year. 

J.  L.  Barham,  Manton:  Irrigated  trees  are  far  more  regular  in  bearing. 

G.  M.  Gray,  Chico,  Butte  County:  One  corner  of  my  peach  orchard  that  was  not 
irrigated  last  year  has  this  year  less  than  half  the  crop  per  tr^  that  is  seen  upon  the 
part  that  was  irrigated.  This  is  clearly  to  be  seen.  I  need  no  better  demonstration. 
The  maturing  of  the  "pits  of  the  current  crop,  the  girth  of  the  wood,  and  the  devel- 
opment of  fruit  buds  for  the  following  year  are  going  on  in  midsummer  and  are  a 
great  draft  upon  the  tree.  The  development  of  the  coming  buds  seems  first  to  suffer 
when  moisture  is  scant.  I  have  found  that  giving  fruit  trees  and  vines  on  valley 
land  a  good  irrigation  from  June  15  to  July  15  will  very  materially  help  both  the 
present  and  coming  crop. 

Rio  Bonito  Orchard  Company,  Biggs,  Butte  County:  Irrigated  fruit  trees  are  more 
regular  in  bearing. 

G.  W.  Thissell,  Winters,  Yolo  County:  Many  orchards  fail  to  produce  a  good  crop 
of  fruit  annually  for  want  of  sufficient  water.  The  fruit  is  poor  and  insipid  and  the 
trees  are  not  able  to  mature  fruit  buds  for  the  following  year.  I  recently  visited  as 
fine  a  Muir  i)each  orchard  as  there  is  in  the  State — on  the  choicest  of  fruit  land  on 
Putah  Creek.  Trees  which  had  been  given  a  little  water  were  bending  to  the  ground 
with  large  fruit,  while  the  trees  with  no  irrigatifln  had  wilted  leaves  and  peaches  the 
size  of  walnuts,  and  yet  the  trees  were  on  the  best  of  land.  The  fmit  was  too  small 
to  cut  for  drying  and  the  trees  will  have  no  fruit  next  year. 

E.  A.  Gammon,  Courtland,  Sacramento  County:  Regularity  of  bearing  is  on  the 
side  of  irrigated  trees.  Irrigated  pears  are  not  so  apt  to  fall;  the  stems  seem  to  have 
more  life  in  them. 

W.  W.  Hinsey,  Fairoaks,  Sacramento  County:  In  regular  bearing  there  is  a  large 
difference  in  favor  of  irrigated  trees. 

Charles  W.  I^ndis,  Folsom  City,  Sacramento  County:  I  have  never  noticed  any 
difference  in  regularity  of  bearing. 

F.  B.  McKevitt,  Vacaville,  Solano  County:  Irrigated  trees  bear  more  regularly. 
H.  T.  Fuchs,  Grass  Valley,  Nevada  County:  My  observation  is  that  irrigated  trees 

are  more  regular  in  bearing.  Fruit  trees  and  grapevines  will  not  produce  good  fruit 
in  this  section  unless  they  are  irrigated  or  highly  cultivated. 

P.  A.  Butler,  Penryn,  Placer  County :  Irrigation  insures  much  more  regular  bearing. 

\V.  R.  Fountain,  Newcastle,  Placer  County:  Many  orchards  are  rented  to  China- 
men and  others  who  object  to  taking  pains  to  irrigate  after  the  fruit  is  picked.  For 
this  reason  the  early  fruits  get  less  irrigation  than  the  later  varieties.  It  seems  to 
be  a  fact  that  irrigation  after  the  fruit  is  picked  is  making  good  regular  bearers  of  the 
Alexander  and  Hale  early  peaches  which  have  been  disposed  to  drop  their  buds 
just  prior  to  blooming  and  to  drop  the  fruit  while  small. 

J.  W.  Violett,  lone,  Amador  County:  Irrigated  orchards  appear  to  bear  more 
regularly. 

A.  E.  Bnmham,  Healdsburg,  Sonoma  County:  I  know  that  old  Sonoma  County, 
that  boasts  of  nonirrigated  crops,  could  make  hundreds  of  thousands  of  dollars  more 
from  her  orchards  if  the  waste  waters  were  properly  used  in  July  and  August.  The 
trees  would  live  longer  and  bear  more  regularly,  for  the  new  wood  and  especially 
the  buds  would  be  strong  and  well  matured  for  the  coming  year.  I  do  not  mean  to 
drown  the  trees,  but  one  irrigation,  or  at  most  two,  is  enough  in  this  county  if  the 
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ground  is  thoroughly  soaked  and,  when  dry  enough,  cultivated  to  mellowness  and 
fineness. 

A.  Block,  Santa  Clara,  Santa  Clara  County:  I  believe  irrigated  fruit  trees  bear  more 
regularly. 

F.  M.  Righter,  Campbell,  Santa  Clara  County:  Regularity  of  bearing  and  plenty  of 
moisture  go  together. 

H.  Hoops,  Wrights,  Santa  Clara  County:  If  intelligently  applied,  irrigation  makes 
trees  more  regular  in  bearing. 

W.  S.  Shelly,  Hollister,  San  Benito  County:  I  have  not  noticed  any  difference  in 
the  regularity  of  bearing. 

W.  T.  Kirkman,  Merced,  Merced  County:  Irrigated  fruit  trees  are  more  regular  in 
bearing. 

Dr.  W.  N.  Sherman,  Fresno,  Fresno  County:  The  olive  trees  along  or  near  irriga- 
tion ditches  show  a  marked  superiority  to  those  without  access  to  water. 

E.  S.  Thacher,  Nordhoff,  Ventura  County:  I  had  a  few  acres  of  apricots,  prunes, 
etc.,  but  found  them  improfitable  because  I  was  not  prepared  to  irrigate  them. 

C.  C.  Teague,  Santa  Paula,  Ventura  County:  While  it  is  possible  to  grow  fairly 
good  products  from  young  orchards  without  irrigation  it  is  simply  out  of  the  ques- 
tion when  the  trees  get  older.  Many  growers  in  this  county  used  to  think  when 
their  deciduous  trees  began  to  go  back  when  they  were  10  or  12  years  old,  that  it  was 
on  account  of  old  age.  This  was  before  they  began  to  irrigate.  Since  then  it  has 
been  demonstrated  beyond  doubt  that  the  trouble  was  not  in  the  trees,  but  in  the 
fact  that  the  water  in  the  subsoil  became  exhausted  after  a  number  of  years  and  the 
annual  rainfall  not  being  suflBcient  to  wet  the  ground  down  to  a  depth  of  more  than 
4  or  5  feet  the  lower  roots  were  in  dry  earth  and  consequently  could  not  help  to  sup- 
port the  tree.  It  is  now  the  universal  belief  that  it  does  not  pay  to  set  out  an  orchard 
in  this  valley  unless  one  has  water  for  irrigation.  It  makes  little  difference  with  the 
deciduous  trees  on  deep  soils  whether  the  water  is  put  on  during  the  winter  or  the 
summer,  but  most  growers  prefer  the  former,  when  the  trees  are  dormant. 

F.  F.  Stetson  &  Co.,  Los  Angeles:  We  heartily  favor  irrigation,  believing  that  the 
trees  bear  more  fruit  and  with  greater  regularity— that  is,  there  are  fewer  seasons 
with  short  crops. 

H.  jy.  Briggs,  Azusa,  Los  Angeles  County:  With  irrigation  properly  applied  and 
fertilization,  trees  will  bear  every  year  unless  unfavorable  temperatures  prevail.  By 
irrigation  the  tree  is  enabled  to  overcome  the  exhaustion  of  heavy  bearing  and  to  fill 
out  the  buds  for  the  next  year's  fruiting  so  that  the  fruit  will  "stick"  instead  of 
blasting. 

Henry  D.  Engelhardt,  Glendora,  Los  Angeles  County:  The  irrigated  tree  and  vine 
will  produce  fruit  more  regularly. 

William  Chappelow^,  Monrovia,  Los  Angeles  County:  Nonirrigated  fruit  trees  are 
very  irregular  in  bearing  with  us. 

N.  E.  Chesebro,  Covina,  Los  Angeles  County:  There  is  a  great  difference  in  r^u- 
larity  of  bearing  in  favor  of  irrigated  trees. 

J.  W.  Mills,  Ontario,  San  Bernardino  County:  Until  the  last  two  years  our  almond 
trees  would  only  bear  during  the  most  favorable  seasons.  They  had  received  some 
irrigation  since  planting,  but  only  during  the  last  two  years  have  we  given  them 
water  enough  to  keep  them  growing  while  they  were  maturing  a  crop  of  nuts.  Both 
years  they  have  grown  good  crops.  The  more  liberal  irrigation  has  made  them  grow 
large  nuts  and  a  growth  of  new  wood  at  the  ends  of  the  branches  (not  suckers)  from 
6  inches  to  2  feet  in  length.  This  seems  to  insure  regular  bearing,  even  though  the 
temperature  on  three  days  in  February  and  while  the  trees  w^ere  in  full  bloom  fell  to 
24°,  27°,  and  25°  and  three  days  following  reached  28°  and  30°  F. 

I.  Ford,  Redlands,  San  Bernardino  County:  Trees  are  earlier  and  more  regular  in 
bearing  when  kept  thoroughly  irrigated  and  cultivated. 
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W.  8.  Corwin,  Highland,  San  Bernardino  Cotinty:  Regularity  of  bearing  is  decid- 
edly on  the  side  of  irrigated  trees. 

James  Boyd,  Riverside,  Riverside  Coanty:  Crops  on  irrigated  trees  are  better  in 
every  way. 

L.  L.  Beqaette,  Whittier,  Los  Angeles  County:  There  is  nodifierence  in  regularity 
of  bearing. 

J.  B.  Neff,  Anaheim,  Orange  County:  I  have  always  had  a  crop  of  English  wal- 
nuts on  irrigated  trees,  while  others  have  had  but  a  small  unprofitable  crop. 

A.  S.  Bradford,  Fullerton,  Orange  County:  The  yield  is  regular  when  water  is 
used,  otherwise  there  are  off  years.  By  irrigation  in  the  summer  the  formation  of 
fruit  buds  for  the  next  season's  crop  is  prombted. 

James  W.  Hyne,  San  Marcos,  San  Diego  County:  When  irrigated  and  kept  in  a 
thrifty  condition  fruit  trees  bear  more  regularly. 

Chester  Gunn,  Julian,  San  Diego  County:  Irrigated  trees  bear  more  regularly. 

H.  Culbertson,  El  Cajon,  San  Diego  County:  There  is  a  decided  difference  in  the 
peach,  especially  in  the  shy-bearing  varieties  and  late  irrigation  is  what  produces  the 
results. 

C.  A.  Walter,  Independence,  Inyo  County:  There  is  much  difference  in  regular- 
ity of  bearing;  the  irrigated  tree  is  always  in  trim  to  bear,  is  healthier  and  leafe  out 
earlier. 

•  These  reports  present  a  vast  preponderance  of  observation  and  expe- 
rience that  irrigation  does  promote  regular  annual  fruit  bearing. 
There  are  a  few  instances  in  which  the  opposite  view  is  expressed  and 
others  in  which  the  observer  is  in  doubt.  In  some  cases  probably  the 
opposing  observation  rests  on  experience  in  situations  where  trees  are 
not  helped  in  regularity  of  bearing  by  irrigation  because  they  really 
have  a  greater  amount  of  available  moisture,  though  the  rainfall  may 
not  be  greater,  than  is  available  on  adjacent  places  where  the  contrary 
observation  is  made.  This  is  strikingly  true  in  the  case  of  Whittier, . 
Los  Angeles  County,  Cal.,  where  Mr.  Bequette  reports  regular  bear- 
ing without  irrigation.  Whittier  is  a  low-lying  region  with  great 
depth  of  soil  and  ground  water  within  reach  of  deep-rooting  trees. 
In  such  a  situation  irrigation  is  naturally  less  likely  to  be  profitable, 
because  the  trees  are  supplied  by  the  underground  movement  of  water 
and  enjoy  more  than  their  share  of  the  scant  rainfall  of  the  district. 
There  may  be  similar  conditions  to  explain  the  conclusions  of  the  few 
others  who  hold  a  negative  view. 

aVAUTIES  AHS  COHKERCIAL  CHARACTES8  OF  IBBIOATED 

PRTJIT. 

The  desirability  of  irrigated  fruits,  for  qualities  which  appeal  to 
the  fruit  eater  and  for  characters  which  win  the  fruit  trade,  has  long 
been  in  controversy,  and  the  prejudice  against  irrigation  from  these 
points  of  view  has  been  most  outspoken.  This  prejudice  still  exists 
in  the  minds  of  those  who  have  not  had  opportunity  for  careful  com- 
parative judgment  and  no  experience  to  distinguish  between  properly 
irrigated  and  excessively  irrigated  fruit    Of  coarse,  theoretically  the 
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bfest  fruit  must  come  from  the  tree  which  has  moisture  continually 
present  during  its  growing  period  in  the  amount  required  for  perfect 
development  of  its  fruit.  Too  little  water  for  such  perfect  growth 
would  injure  the  fruit  and  too  much  water  would  also  injure  it,  and 
although  the  injuries  proceeding  from  lack  and  from  excess  might  be 
different,  they  would  all  render  the  fruit  defective.  But  there  have 
been  prejudices  against  irrigated  fruit  which  have  been  slow  to  dis- 
appear even  among  fruit  growers,  who  might  be  presumed  to  have 
the  best  opportunities  for  speedily  reaching  sound  judgments  on  the 
matter. 

The  first  striking  character  of  irrigated  fruit  to  attract  attention  was 
unusual  size,  and  such  size  was  often  found  to  be  unmatched  by  rich- 
ness and  flavor.  Medium-sized  fruit  was  better  to  eat.  The  general 
conclusion  then  was  that  water  artificially  applied  made  a  fruit  fine  to 
look  upon  but  not  otherwise  desirable,  and  from  this  single  observa- 
tion arose  the  quite  general  opinion  that  the  farther  it  departed  from 
largeness  the  better  the  fruit;  therefore  the  smaller  the  fruit  the 
richer  in  sugar  and  the  more  refined  the  flavors  and  aroma.  It  is  dif- 
ficult to  replace  this  opinion  by  urging  theoretical  considerations  of 
the  actual  need  of  the  plant  for  a  continually  adequate  moisture  sup- 
ply, nor  do  the  determinations  of  sugars  and  essences  by  fruit  analyst?* 
nor  the  awards  of  exposition  juries  convince  all  whom  they  reach.  It 
seems  desirable  then  to  cite  general  experience  of  those  who  judge 
fruits  by  ordinary  sense  methods  or  by  commercial  standards  in  order 
to  determine  whether  such  experience  reinforces  the  conclusions 
reached  by  those  who  approach  the  problem  along  lines  popularly  dis- 
tinguished as  "scientific."  This  was  the  motive  in  the  inquiry  upon 
which  this  report  is  based. 

The  attempt  was  made  to  secure  the  results  of  the  experience  of 
fruit  growers,  some  of  whom  could  give  comparative  judgment  and 
others  of  whom  perhaps  had  grown  only  irrigated  fruit  and  could 
speak  positively  from  experience  as  to  its  suitability  for  various  com- 
mercial purposes.  Although  the  writer  was  aware  of  the  general 
change  in  the  mind  of  growers  toward  the  use  of  water  even  in  regions 
of  considerable  rainfall,  he  must  acknowledge  that  the  declaration  of 
the  benefits  of  irrigation  in  developing  desirable  qualities  in  fruit  is 
sharper  and  wider  than  expected  and  there  can  be  no  question  as  to 
the  impression  and  influetice  which  will  follow  the  publication  of  the 
testimony  here  presented. 

IDAHO. 

A.  McPherson,  Boise:  Irrigated  fruits  are  the  best  in  every  respect. 

L.  A.  Porter,  Porters:  Irrigated  fruit  is  superior  in  every  way.  In  fact,  without 
irrigation  it  is  hard  to  always  get  moisture  enough  to  bring  the  frtiit  to  perfect 
maturity,  hence  it  lacks  in  size,  flavor,  and  general  appearance.  I  consider  it  almost 
impossible  to  produce  perfect  cherries,  peaches,  or  pears  in  an  unirrigated  orchard. 
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They  always  lack  the  size,  color,  and  rich  flavor  that  comes  to  a  perfectly  irrigated 
fruit.  I  have  noticed  that  young  unirrigated  trees  hearing  few  fruits  will  mature 
them,  while  in  a  year  or  two,  while  the  trees  are  more  heavily  loaded,  the  fruit  will 
he  small  and  lacking  in  flavor. 

W.  G.  Whitpey,  Payette:  Irrigated  fruits  are  much  larger,  more  juicy,  and  much 
nicer  looking. 

WASHINGTON. 

E.  H.  Lihby,  Clarkson:  Our  fruits  are  all  irrigated.  On  the  higher  lands,  from 
1,500  to  2,000  feet  above  our  level,  the  apples  are  about  half  the  size  of  ours.  That 
fruit  rightly  irrigated  and  thoroughly  cultivated  is  fully  as  good  as  a  like  variety 
grown  without  irrigation  is  the  experience  of  the  writer,  which  has  extended  over 
much  of  the  United  States  and  Canada. 

Jason  Whinery,  Spokane:  Irrigated  fruits  are  better  in  every  respect  if  the  land  is 
dry  and  the  rainfall  short.    Some  years  there  is  no  need  for  irrigation  here. 

F.  A.  Huntley,  North  Yakima:  I  consider  properly  irrigated  fruits  superior  in 
every  respect.  I  find  irrigation  in  July  to  stimulate  and  prolong  the  growing  period. 
Nonirrigated  sections  often  lack  sufficient  moisture  in  midsummer  to  mature  the 
fruits. 

F.  E.  Thompson,  North  Yakima:  Irrigated  fruit  is  lai^er  and  better  in  appearance 
and  as  good  in  flavor  as  unirrigated. 

Chas.  S.  Simpson,  North  Yakima:  Irrigated  fruits  are  better  in  every  respect  than 
unirrigated. 

J.  H.  James,  Waitsburg:  Irrigated  fruits  are  a  great  deal  better  in  size  and  nicer 
in  every  respect. 

OBBGON. 

S.  A.  Miller,  Milton:  Irrigated  fruits  are  larger  and  the  flavor  is  usually  as  good, 
sometimes  better.  This  is  especially  true  when  the  nonirrigated  fruit  does  not  get 
sufficient  moisture. 

R.  H.  Weber,  The  Dalles:  I  have  noticed  that  irrigated  fruit  is  apt  to  be  larger 
than  that  grown  without  irrigation;  flavor,  aroma,  and  general  appearance  would, 
however,  be  in  favor  of  the  latter. 

Seufert  Brothers,  The  Dalles:  Irrigated  fruit  is  100  per  cent  better,  but  water  must 
be  used  with  judgment.  Do  not  irrigate  on  extremely  hot  days;  do  not  swamp  your 
land  and  cause  it  to  bake. 

J.  R.  Casey,  Ashland:  Irrigated  fruit  is  much  nicer  in  every  respect 

CALIFORNIA. 

W.  E.  Whitmore,  Whitmore,  Shasta  County:  J.  H.  Whitmore,  at  2,000  feet  eleva- 
tion, on  a  slope  facing  southwest  and  on  a  little  fiat  at  its  base,  raises  very  fine  table 
grapes  of  various  kinds,  but  is  extremely  carc^ful  to  give  very  little  water.  P.  Gutt- 
mann,  altitude  2,600  feet,  has  beautiful  Muscat  and  Black  Hamburg  grapes,  but  as 
he  kept  water  on  nearly  all  of  the  time  they  were  about  as  sweet  as  a  lemon.  Prop- 
erly watered,  he  found  they  improved  in  flavor.        , 

Owen  Daily,  Whitmore,  Shasta  County:  Irrigated  fruits  are  much  larger,  better 
flavored,  and  flner  looking. 

George  A.  Lamiman,  Anderson,  Shasta  County:  Irrigated  fruit  is  double  the  size 
and  is  beautiful  in  color  and  splendid  in  flavor,  while  nonirrigated  is  rather  dry  and 
insipid  and  lacking  in  color. 

Fred  Scharr,  Redbluff :  Properly  irrigated  fruit  will  be  one-third  larger.  Nonirri- 
gated fruit  will  be  more  aromatic  and  better  flavored,  but  the  large  size  the  market 
calls  for  must  be  secured  even  at  the  expense  of  quality. 

0.  E.  Graves,  Redbluff:  Irrigated  prunes  are  much  lai^er. 
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Mrs.  Emma  E.  Yager,  Man  ton,  Tehama  County:  Irrigated  fruits  mature  better, 
and  if  properly  irrigated  are  fine  in  flavor  and  appearance. 

W.  E.  Hazen,  Manton,  Tehama  County:  Irrigated  fruit  is  larger  and  has  better 
flavor  and  general  appearance.    Irrigated  apples  color  better. 

J.  L.  Barham,  Manton,  Tehama  County:  Irrigated  fruits  are  far  better  than  non- 
irrigated  in  every  way. 

George  H.  Flournoy,  Coming,  Tehama  County:  My  experience  is  that  irrigated 
fruit  is  superior  in  every  respect. 

G.  M.  Gray,  Chico,  Butte  County:  Irrigated  fruits  are  at  least  30  per  cent  better 
in  all  respects. 

Rio  Bonito  Orchard  Company,  Biggs,  Butte  County:  Irrigated  prunes  are  better  in 
every  way.  Irrigated  peaches  are  larger  and  handsomer,  but  in  flavor  and  aroma 
they  are  inferior  in  freestone  peaches  and  to  a  less  degree  in  clings. 

L.  F.  Moulton,  Colusa,  Colusa  County:  Irrigated  fruit  is  much  larger,  equally  as 
flne  in  flavor  and  aroma,  and  excellent  in  general  appearance. 

C.  A.  Thomas.  Woodland,  Yolo  County:  The  character  and  quality  of  our  fruits 
are  improved  by  irrigation.  The  almond  in  every  way  is  benefited,  and  adjacent 
orchards  show  the  advantage  of  irrigation  over  nonirrigation  with  equal  cultivation. 

Edgar  J.  De  Pue,  Yolo,  Yolo  County:  We  are  irrigating  500  acres  of  fruit  trees. 
We  have  found  that  the  fruit  on  trees  along  the  ditches  which  received  more  water 
than  the  average  was  of  better  quality,  and  matured  and  kept  better  than  that  from 
trees  which  had  less  water. 

G.  W.  Thissell,  Winters,  Yolo  County:  There  is  no  comparison  in  size  arid  quality 
between  irrigated  and  nonirrigated  fruit  when  the  trees  need  water.  If  there  has 
been  a  series  of  wet  years,  some  orchards  will  need  no  irrigation,  but  others  on  dif- 
ferent soil  will  require  irrigation  at  the  proper  time. 

F.  B.  McKevitt,  Vacaville,  Solano  County:  Irrigated  fruit  is  larger,  equally  hand- 
some, and  has  the  same  aroma,  but  the  fiavor  is  not  so  fine  as  the  unirrigated. 

Foster  Brothers,  Dixon,  Solano  County:  Irrigated  fruits  are  far  superior. 

E.  A.  Gammon,  Courtland,  Sacramento  County:  Irrigated  fruit  is  much  better  in 
size,  flavor,  and  general  appearance. 

Charles  W.  Landis,  Folsom  City,  Sacramento  County:  The  irrigated  fruits  have 
better  size,  flavor,  aroma,  and  general  appearance. 

"  T.  J.  Wagoner,  Bough  and  Beady,  Nevada  County:  Irrigated  is  more  than  twice 
the  size  of  nonirrigated,  and  the  amount  of  the  crop  is  twice  as  great.  The  nonirri- 
gated fruit  lacks  in  flavor. 

H.  T.  Fuchs,  Grass  Valley,  Nevada  County:  Irrigation  improves  both  size  and 
flavor  if  it  is  not  overdone. 

Felix  Gillet,  Nevada  City,  Nevada  County:  My  experience  is  that  in  the  moun- 
tains vastly  finer  fruits  and  nuts  are  grown  by  regular  irrigation  to  the  amount  avail- 
able by  the  natural  retentiveness  of  the  soil.  In  some  soils  several  good  eoakings, 
especially  in  June  or  July,  may  be  enough,  though  more  frequent  irrigation,  say 
once  a  week  for  ten  weeks  or  more  on  soils  not  retaining  moisture  well,  may  be  even 
more  beneficial.  Irrigation  of  both  tree  fruits  and  grapes  should  stop  as  soon  as 
they  have  attained  three-fourths  to  four-fifths  of  their  size  to  allow  them  to  acquire 
fiavor.  I  have  a  Winter  Hoyal  pear  tree,  33  years  old,  the  largest  of  my  collection, 
which  bears  1,000  pounds  of  pears,  which  keep  until  April  or  May  and  then  ripen. 
The  fruit  is  medium  sized  and  very  juicy  without  being  irrigated.  A  friend  planted 
a  tree  of  the  same  kind  in  a  clover  patch,  where  water  was  run  continually  and  four 
or  five  crops  of  clover  cut.  This  tree  grew  finely,  bearing  large  crops  of  pears  twice 
the  size  of  mine,  but  ripening  about  December.  With  other  pears  I  find  that  irriga- 
tion improves  them  very  much  in  size  and  general  appearance,  but  winter  kinds 
seem  to  lose  keeping  quality  if  irrigated  unless  it  is  done  moderately  and  stopped 
rather  early  in  the  season.    The  difference  between  irrigated  and  nonirrigated  fruits, 
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as  far  as  size  and  general  appearance  are  concerned,  is  remarkable,  though  I  admit 
that  in  certain  rich  and  deep  soils,  naturally  moist,  as  fine  fruit  can  be  grown  with- 
out irrigation  as  on  dry  shallow  soils  with  it.  I  find  that  nuts  of  all  kinds  are  also 
much  improved  in  size  if  properly  irrigated,  and  if  irrigation  is  stopped  when  the 
nuts  have  pretty  nearly  attained  their  size  the  quality  will  not  be  impaired.  Fil- 
berts are  immensely  benefited  by  irrigation.  Irrigation  makes  the  peach  more  juicy, 
which  is  a  decided  gain.  Compare  a  juicy  peach  with  one  that  is  dry  and  mealy — 
what  a  difference. 

P.  W.  Butler,  Penryn,  Placer  County:  Irrigated  fruit  is  much  larger,  of  better 
flavor  and  aroma,  and  generally  better  looking. 

W.  R.  Fountain,  Newcastle,  Placer  County:  Irrigated  fruit  is  lai^r  and  prettier 
and  is  all  right  to  eat. 

A.  £.  Bumham,  Healdsbui^,  Sonoma  County:  I  had  twenty-five  years*  experience 
in  growing  fruit  and  vegetables  in  Utah,  where  I  had  to  depend  on  irrigation,  and  I 
raised  as  fine  peaches,  plums,  and  pears  and  better  apricots  than  I  have  ever  raised 
since  coming  here,  both  in  size  and  flavor,  and  I  have  had  as  good  as  any  seen 
around  here. 

John  Rock,  Niles,  Alameda  County:  The  character  of  the  fruit  depends  upon  how 
the  irrigation  is  done.  The  use  of  too  much  water  will  swell  the  fruit  at  the  expense 
of  flavor. 

Edward  M.  Ehrhom,  Mountain  view,  Santa  Clara  County:  I  can  see  a  great  differ- 
ence in  quality  and  flavor  of  irrigated  fruits  if  not  too  much  water  is  used. 

A.  Block,  Santa  Clara:  Irrigated  fruits  are  larger  and  better,  particularly  if  prop- 
erly fed  when  required.    My  trees  are  40  to  50  years  old. 

S.  P.  Sanders,  Cupertino,  Santa  Clara  County:  At  the  West  Side  Drier  the  man- 
ager declares  in  favor  of  nonirrigated  fruits  on  the  ground  of  flavor,  aroma,  etc. 

J.  H.  Flickinger  Company,  San  Jose:  Irrigated  fruits  are  better  in  size  and  gen- 
eral appearance,  but  not  as  good  in  flavor.  ^ 

F.  M.  Righter,  Campbell,  Santa  Clara  County:  Irrigated  fruits  are  larger,  more 
acid,  and  of  superior  appearance.    I  have  not  detected  any  difference  in  aroma. 

H.  Hoops,  Wrights,  Santa  Clara  County:  Irrigated  fruits  are  larger,  but  they  have 
less  flavor  and  the  general  appearance  is  not  so  good.  Some  fruits  will  bear  heavier 
irrigation  than  others. 

W.  S.  Shelly,  Hollister,  San  Benito  County:  Flavor  and  appearance  are  not  hurt 
by  winter  irrigation  and  size  is  increased. 

W.  W.  Hinsey,  Fairoaks,  Sacramento  County:  Irrigated  fruits  are  better  in  every 
respect. 

J.  W.  Violett,  lone,  Amador  County:  The  size  and  general  appearance  of  fruits  is 
greatly  improved  by  irrigation,  and  that  is  the  principal  point  to  be  gained  for  the 
grower. 

J.  M.  Harris,  Miami,  Mariposa  County:  Irrigated  fruit  has  better  color  and  finer 
appearance  and  just  as  good  fiavor  as  nonirrigated.  All  kinds  of  fruit  must  have  a 
certain  amount  of  moisture,  natural  or  artificial. 

Fmnk  Femmons,  Ah wah nee,  Madera  County:  Irrigated  fruits  are  better  developed 
in  all  their  qualities  if  water  is  used  with  good  judgment. 

C.  A.  Walter,  Independence,  Inyo  County:  Irrigated  fruit  is  twice  the  size,  is 
sweet,  and  of  the  finest  flavor. 

N.  J.  Cooley,  Bishop,  Inyo  County:  Irrigated  fruits  are  generally  larger,  but  if 
irrigated  when  ripening  the  fiavor  is  injured,  especially  in  the  case  oi  winter  apples. 

W.  T.  Kirkman,  Merced,  Merced  County:  In  this  region  irrigated  fruit  is  superior 
to  unirhgated  In  all  respects. 

Dr.  W.  N.  Sherman,  Fresno,  Fresno  County:  Irrigated  fruit  is  superior  in  size, 
quality,  and  flavor.  Irrigated  trees  come  into  bearing  in  one  half  the  time  of  other 
trees.  ^  t 

digitized  by  VjOOQ IC 


156  IRRIGATION   AND  DRAINAGE   INVESTIGATIONS,  1904. 

George  C.  Boediug,  Fresno:  Irrigated  fruits  average  mach  lai^r  and  as  a  rule 
are  much  brighter  in  appearance.  The  flavor  of  fruits  adapted  to  this  section  is 
very  good  and  all  are  irrigated  unless  water  is  available  by  underflow. 

Thomas  Jacob,  Visalia,  Tulare  County:  Irrigated  fruit  is  usually  much  laiiger  and 
finer  looking  than  fruit  grown  without  water,  but  there  is  some  question  as  to  flavor. 

J.  V.  Webster,  Creston,  San  Luis  Obispo  County:  Fruits  properly  irrigated  are 
almost  invariably  larger  and  finer  in  appearance,  but  usually  not  so  fine  in  aroma 
and  color. 

James  A.  Girard,  Cayucos,  San  Luis  Obispo  County:  Irrigated  fruit  is  laiiger  and 
better  in  general  appearance,  but  the  flavor  and  aroma  are  not  improved.  I  am 
inclined  to  believe  that  on  good  soils  fruit  does  as  well  here  without  irrigation  as 
with  it. 

El  wood  Cooper,  Santa  Barbara:  Where  it  is  possible  to  grow  fruit  without  irriga- 
tion the  quality  is  better;  they  are  more  firm  and  better  in  every  way. 

0.  N.  Cad  well,  Carpinteria,  Santa  Barbara  County:  Our  English  walnuts  need 
more  water  than  we  can  get  to  finish  up  their  growth  and  ripen,  as  the  moisture 
leaves  the  ground  fast  from  the  last  of  July  to  September  15,  when  they  seem  to  call 
for  more.    Most  of  our  apples,  pears,  and  peaches  are  poor  without  irrigation. 

E.  S.  Thacher,  Nordhoff,  Ventura  County:  In  high,  well-drained  situations,  such 
as  that  of  this  ranch,  all  kinds  of  fruits  that  will  grow  here  may  be  irrigated  to  their 
great  advantage  as  to  size  and  beauty  and  with  no  loss  of  fiavor  and  aroma.  Some 
restraint  should  doubtless  be  used  when  fruit  is  filling  out,  but  to  keep  a  tree  in 
lively,  thrifty  growth  by  a  continuous  supply  of  moisture  in  a  well-cultivated  soil  can 
only  improve  the  quality  of  the  fruit  as  well  as  the  quantity. 

H.  J.  Dennison,  Nordhoff:  Irrigation  will  give  fruit  one-third  laiger  and  more 
juicy. 

Robert  Dunn,  ilUmore,  Ventura  County:  Irrigated  fruit  is  better  in  size,  quality, 
and  general  appearance. 

F.  F.  Stetson  &  Co.,  Los  Angeles:  Irrigated  fruit  is  better  in  size  and  general 
appearance. 

H.  E.  Chesebro,  Covina,  Los  Angeles  County:  Irrigated  fruit  is  larger,  better  in 
flavor  and  color. 

H.  D.  Briggs,  Azusa,  Los  Angeles  County:  Irrigated  fruit  is  far  superior,  provided 
the  water  is  not  applied  too  near  the  ripening.  With  us  water  should  not  be  used 
closer  than  three  weeks  of  ripening. 

Henry  D.  Engelhard t,  Glendora,  Los  Angeles  County:  Water  must  be  used  with  the 
best  possible  judgment,  and  when  thus  irrigated  a  tree  or  vine,  if  given  proper  cultiva- 
tion between  irrigation,  will  produce  fruit  which  for  size,  flavor,  aroma,  and  general 
appearance  will  doubly  surpass  that  from  a  nonirrigated  tree  or  vine. 

J.  A.  Graves,  Alhambra,  Los  Angeles  County:  For  my  own  use  I  would  prefer 
deciduous  fruits  grown  on  proper  land  without  irrigation,  but  as  a  commercial  propo- 
sition I  should  prefer  to  grow  these  same  fruits  with  irrigation. 

William  Chappelow,  Monrovia,  Los  Angeles  County:  Irrigated  fruit  is  by  far  the 
best  in  every  way. 

W.  W.  Bliss,  Duarte,  Los  Angeles  County:  Irrigated  apricots,  plums,  and  peaches 
are  larger  and  more  juicy;  the  pits  of  the  peaches  are  more  apt  to  split.  These  same 
fruits  unirrigated  are  firmer,  finer  fiavored,  and  contain  more  sugar. 

L.  L.  Bequette,  Whittier,  Los  Angeles  County:  The  flavor  of  nonirrigated  fruit  is 
better,  as  it  is  not  so  watery. 

J.  Edson  Smith,  Santa  Ana:  I  have  been  growing  deciduous  fruits  for  twenty 
years.  As  a  general  proposition,  such  fruits  grown  in  southern  California,  with 
proper  irrigation,  are  better  in  size,  flavor,  aroma,  and  general  appearance,  both  of 
fresh  fruit  and  dried  or  canned,  than  fruit  grown  without  irrigation. 
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C.  P.  Taft,  Orange,  Orange  County:  Irrigated  fruits  are,  in  my  opinion,  superior  to 
nonirrigated,  climate  and  soil  being  the  same,  except  when  raised  on  naturally  moist 
soil  where  irrigation  is  unnecessary.  ' 

A.  S.  Bradford,  Fullerton,  Orange  County:  My  experience  has  been  entirely  in 
favor  of  irrigated  fruits.  I  have  neighbors  who  are  trying  to  grow  deciduous  fruits 
with  no  irrigation,  and  hardly  ever  have  any  fruit  They  wonder  how  I  always  have 
fniit  in  abundance  and  so  fine.  The  secret  is  in  the  use  of  water.  Irrigated  fruits 
are  very  much  finer,  larger,  and  handsomer,  and  the  flavor  is  exoellent^none  better. 

J.  B.  Neff,  Anaheim,  Orange  County:  Irrigated  fruits  are  usually  much  larger  and 
finer  in  appearance. 

C.  J.  Merryfield,  Colton,  San  Bernardino  County:  Irrigated  fruits  are  larger  and  of 
finer  appearance,  and  as  good  in  flavor  as  can  be  had. 

W.  S.  Corwin,  Highland,  San  Bernardino  County:  If  properly  irrigated  and 
thinned,  the  irrigated  fruit  is  larger,  better  in  flavor,  and  in  general  appearance. 

I.  Ford,  Redlands,  San  Bernardino  County:  Nonirrigated  apples  have  high  color, 
but  in  a  dry  year  particularly  are  very  much  smaller  and  of  poorer  quality. 

W.  E.  Atwater,  Riverside,  Riverside  County:  Fruit  from  irrigated  trees  is  larger 
and  more  juicy,  but  when  overirrigated  the  fruit  lacks  flavor. 

Edward  L.  Koethen,  Riverside:  Our  fruit  is  all  irrigated,  and  apricots  from  non- 
irrigated  trees  are  small  as  compared  with  ours.  Olive  trees  will  not  bear  here 
unless  irrigated.    Orange  trees  would  die. 

James  M.  Hyne,  San  Marcos,  San  Diego  County:  Irrigated  fruit  with  me  is  larger 
and  more  fully  developed,  with  flavor  fully  as  good  and  in  fact  more  luscious. 

H.  Culbertson,  £1  Cajon,  San  Di^o  County:  In  our  soil  all  the  good  qualities  of 
fruits  are  improved  by  proper  irrigation.  I  mean  by  proper  irrigation  the  amount 
and  frequency  necessary  to  keep  the  tree  in  a  thrifty  condition  so  that  at  no  time 
does  it  show  lack  of  water.  The  soil  may  be  oversupplied  with  water,  when  both 
flavor  and  aroma  may  be  seriously  affected.  On  our  dry  soils,  without  water,  peaches 
will  have  a  bitter  flavor  about  the  pit  that  is  never  found  with  irrigated.  Apples 
without  irrigation  are  small,  thick-skinned,  tough,  and  altogether  undesirable,  while 
if  well  supplied  with  moisture,  say  4  inches  per  acre  per  month,  will  give  good-sized, 
thin-skinned,  tender  and  juicy,  good-flavored  fruit.  With  oranges  the  more  regular 
and  proper  the  supply  of  water  the  better  the  quality;  very  little  water  will  not  pro- 
duce sweet  fruit.  Improper  irrigation  of  oranges  is  doing  much  against  the  reputation 
of  California  oranges. 

Chester  Gunn,  Julian,  San  Di^o  County:  Irrigated  fruits  are  laiiger  and  of  as 
good  flavor  if  properly  irrigated,  but  when  heavily  irrigated,  just  at  ripening,  they 
are  apt  to  be  hurt. 

C.  J.  Johnston,  San  Diego,  San  Diego  County:  Properly  irrigated  fruit  is  always 
superior.  Size,  flavor,  aroma,  and  general  appearance  are  almost  under  control  of 
the  grower  who  has  irrigation  water. 

The  foregoing  testimony  certainly  establishes  beyond  question  the 
quality  and  commercial  standing  of  irrigated  fruit  through  more  than 
a  thousand  miles  of  distance  along  the  Pacific  coast.  In  this  distance 
the  conditions  range  from  fairly  wintry  to  strictly  semitropical  and 
from  fully  arid  to  quite  humid,  judged  by  the  annual  rainfalls  in  the 
different  localities.  In  all  these  wide  ranges  there  is  the  evidence  of 
extended  experience  that  irrigation  improves  fruits  in  all  respects,  pro- 
vided water  is  supplied  at  times  and  in  amounts  which  trees  under  the 
different  circumstances  require  for  the  best  discharge  of  their  fruit- 
bearing  function.     Obviously  there  are  conditions  under  which  irriga- 
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tion  is  unnecessary,  and  there  is  irrigation  practice  which  may  tend 
toward  the  development  of  some  desirable  characters  and  the  loss  or 
reduction  of  others,  but  these  facts  do  not  militate  at  all  against  the 
wise  use  of  water.  The  cases  in  which  preference  is  expressed  for 
nonirrigated  fruits  are  manifestly  those  in  which  the  natural  moisture, 
conserved  by  thorough  surface  cultivation,  is  adequate.  When  this 
is  the  case,  an  excess  of  moisture  by  irrigation  is  liable  to  work  injury 
by  enlargement  at  the  expense  of  quality,  and  growers  are  quick  to 
detect  this,  but  the  other  end  of  the  scale,  where  quality  is  lost  because 
the  moisture  is  inadequate  to  the  development  of  fair  size,  is  more  apt 
to  be  overlooked.  The  bent  of  the  tree  seems  to  be  toward  the  attain- 
ment of  size  in  its  fruit.  If  it  is  sharply  arrested  in  this  by  drought 
the  fruit  is  tough,  acrid,  and  scant  of  perfume.  If  the  moisture  is 
excessive,  so  that  the  tree  has  free  course  to  indulge  its  bent  for  size, 
it  fails  to  develop  quality. 

ISSIOATSD  FBinT  IN  LONG-DISTANCE  SHIPMENT. 

The  next  point  of  inquiry  was  as  to  the  suitability  of  properly  irri- 
gated fruit  for  shipment  long  distances,  as  is  required  by  the  present 
state  of  the  world's  fruit  trade.  During  the  last  quarter  of  a  century 
fresh  fruits  from  deciduous  trees  have  been  carried  longer  distances 
in  the  world's  commerce  than  ever  before  and  in  quantities  altogether 
beyond  anticipation  indulged  in  at  the  beginning.  It  is  also  true  that 
the  fruits  of  this  class  which  have  successfully  traversed  longest  dis- 
tances are  those  grown  by  irrigation.  The  employment  of  irrigation 
is,  of  course,  not  the  cause  of  this  exceptional  durability  during  trans- 
portation. The  absence  of  rain  and  the  consequent  atmospheric 
aridity  during  the  development  of  the  fruit  are  the  chief  causes  of 
the  peculiarly  durable  tissue  of  the  fruits  and  are  the  causes  also  of 
the  resort  to  irrigation,  which  enables  the.  tree  to  so  thrive  upon  adequate 
soil  moisture  that  it  is  able  to  meet  both  the  thirst  of  the  air  and  the 
requirement  of  the  fruit.  Fruit  grown  in  a  dry  summer  air  is  of  the 
most  lasting  character.  This  was  demonstrated  by  experience  in  parts 
of  California  where  the  winter's  rain,  conserved  by  constant  summer 
cultivation,  was  adequate  to  the  needs  of  the  trees  and  vines.  At  first 
it  was  a  question  whether  the  same  effect  could  be  secured  by  irriga- 
tion during  the  dry  season,  and  the  impression  that  it  could  not  pre- 
vailed quite  generally.  Later  experience  shows  that  this  impression 
was  wrong,  and  there  can  perhaps  be  no  more  sweeping  demonstration 
of  this  than  the  fact  that  by  far  the  greater  part  of  the  Pacific  coast 
fruits  successfully  marketed  on  the  other  side  of  the  continent  and 
even  beyond  the  Atlantic  Ocean  is  grown  by  irrigation  as  a  supple- 
ment to  winter's  rainfall.  Still  this  fact  is  not  wholly  appreciated,  and 
among  growers  unacquainted  with  irrigation  practice  there  is  still  too 
wide  a  belief  that  it  is  the  artificial  use  of  water  which  makes  fruit 
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soft  and  perishable.  That  this  is  not  the  case,  when  the  water  is 
wisely  used,  is  supported  by  the  following  declarations  of  experience 
and  observation,  although  dissenting  opinions  are  also  included: 

IDAHO. 

W.  G.  Whitney,  Payette:  I  have  had  the  beet  of  success  in  shipping  irrigated  fniit 
A.  McPherson,  Boise:  My  experience  in  shipping  irrigated  fruits  has  been  very 
satisfactory. 

L.  A.  Porter,  Porters:  Unirrigated  apples  are  usually  better  keepers,  as,  not  being 
fully  matured,  they  wilt  With  Bartlett  pears  the  rule  is  reversed  and  the  irrigated 
pear  will  hold  up  much  better.  All  irrigated  fruits  are  the  best  sellers,  on  account  of 
size  and  general  good  qualities.  I  ship  east  some  200  cars  annually  from  both  irri- 
gated and  unirrigated  sections. 

WASHINGTON. 

E.  H.  Libby,  Glarkston:  Well  grown,  well  picked,  and  well  packed  irrigated  fruits 
riiip  safely  and  satisfactorily. 

F.  E.  Thompson,  North  Yakima:  I  have  had  ten  years'  experience  in  fruit  ship- 
ping, and  have  shipped  irrigated  fruit  as  far  as  New  York  City  without  complaints. 

J.  H.  James,  Waitsburg:  I  have  had  good  success  in  shipping  irrigated  fruit 

OREGON. 

8.  A.  Miller,  Milton:  Irrigated  fruit  is  always  in  demand,  as  it  is  laiger  and  of 
higher  color  than  the  unirrigated. 

R.  H.  Weber,  The  Dalles:  Nonirrigated  fruit  being  firmer  will  stand  shipping 
better. 

Seufert  Brothers,  The  Dalles:  Our  irrigated  fruit  has  shipped  successfully,  and  we 
raise  three  to  four  times  as  much  per  acre. 

J.  It.  Casey,  Ashland:  Shippers  prefer  irrigated  fruits. 

CALIFORNIA. 

George  A.  Lamiman,  Anderson,  Shasta  County:  I  have  shipped  irrigated  fruits  for 
five  years  with  an  increasing  demand  for  them.  I  have  not  shipped  nonirrigated 
fruits,  as  they  are  too  small. 

W.  E.  Hazen,  Manton,  Tehama  County:  I  have  no  trouble  in  shipping  nor  in  sell- 
ing irrigated  fruits. 

O.  E.  Graves,  Redbluff,  Tehama  County:  I  have  sold  irrigated  prunes  to  shippers, 
usually  at  good  prices. 

Fred  Scharr,  Redbluff:  When  a  tree  gets  too  much  water  the  fruit  will  be  softer  and 
will  not  ship  so  well.    The  care  is  to  irrigate  deeper  and  not  so  often. 

George  H.  Floumoy,  Coming,  Tehama  County:  Irrigated  fruits,  and  in  fact  all 
irrigated  products,  carry  as  well  as  nonirrigated. 

L.  F.  Moulton,  Colusa,  Colusa  County:  Reasonably  irrigated  fruits  are  so  much 
larger  and  finer  in  appearanoe,  and  as  the  flavor  is  not  deteriorated  and  the  shipping 
qualities  not  impaired,  it  follows  that  such  fruit  is  much  sought  for  by  shippers. 

F.  B.  McKevitt,  Vacaville,  Solano  County:  Irrigated  fruit  grown  on  uplands  and 
where  there  ie  considerable  iron  in  the  soil  ships  perfectly.  On  heavier  land  it  does 
not  show  the  same  shipping  quality. 

Foster  Brothers,  Dixon,  Solano  County:  Peaches,  prunes,  and  such  fruits  stand 
shipping  well  when  irrigated,  but  pears  do  not 

£.  A.  Gammon,  Courtland,  Sacramento  County:  My  experience  in  shipping  irri- 
gated fruit  has  been  good;  there  is  no  hesitation  on  the  part  of  shippers  to  buy 
irrigated  froita  r^^^^T^ 
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W.  W.  Hinsey,  Fairoaks,  Sacramento  County:  Being  more  juicy,  the  irrigated 
fruits  will  perhaps  not  carry  so  well,  but  they  will  sell  better,  and  we  grow  fruit  to 
sell,  not  to  keep. 

Charles  W.  Landis,  Folsom  City,  Sacramento  County:  Buyers  seldom  distinguish 
between  irrigated  and  nonirrigated  fruit,  but  what  amounts  to  the  same  thing,  they 
set  standards  of  size,  etc.,  which  are  more  surely  attained  by  irrigation.  With  the 
exception  of  the  mildewing  of  grapes,  I  have  never  heard  any  complaint  that  irri- 
gated fruits  did  not  ship  as  well  as  nonirrigated.  When  fruit  is  sold  on  the  trees  a 
clause  is  inserted  in  the  contract  as  to  irrigation. 

T.  J.  Wagoner,  Rough  and  Ready,  Nevada  County:  Irrigated  fruits  are  not  good 
in  shipping  if  they  are  allowed  to  become  too  big  and  juicy. 

T.  J.  Fitch,  Loomis,  Placer  County:  The  shipping  quality  of  properly  irrigated 
fruits  seems  to  be  demonstrated  by  the  fact  that  such  fruits  constitute  a  considera- 
ble part  of  our  eastern  shipments,  and  have  for  the  last  twenty  years  or  more.  In  1902 
almost  one-third  of  the  fresh  fruit  sent  east  was  shipped  from  Placer  County,  where 
irrigation  is  sine  qua  non.  It  opens  out  well  if  properly  packed  and  cared  for  in 
transit. 

P.  W.  Butler,  Penryn,  Placer  County:  There  is  but  little  nonirrigated  fruit  grown 
in  this  section,  and  this  is  generally  rejected  by  shippers  because  of  its  inferior  size. 

W.  R.  Fountain,  Newcastle,  Placer  County:  In  our  home  market  we  have  shippers 
and  buyers  both  soliciting  irrigated  fruit,  and  it  is  easy  either  to  consign  or  to  sell. 

W.  Sharwood,  Soulsbyville,  Tuolumne  County:  The  apples  from  our  irrigated 
orchards  are  said  to  bring  the  highest  prices  in  the  San  Francisco  market.  No  one 
is  foolish  enough  to  try  to  grow  fruit  in  this  district  without  irrigation. 

J.  M.  Harris,  Miami,  Mariposa  County:  I  have  had  good  success  in  selling  irrigated 
fruits. 

John  Rock,  Niles,  Alameda  County:  Irrigated  fruit  will  carry  well  if  irrigation  is 
done  in  the  winter  or  while  the  fruit  is  small. 

Edw.  M.  Ehrhom,  Mountainview,  Santa  Clara  County:  I  have  had  no  difficulty 
in  shipping  irrigated  fruits. 

A.  Block,  Santa  Clara,  Santa  Clara  County:  My  experience  favors  irrigated  fruit 
for  shipping,  provided  it  is  not  irrigated  too  close  to  ripening. 

S.  P.  Sanders,  Cupertino,  Santa  Clara  County:  I  only  irrigate  in  winter  from  a  tor- 
rential stream;  such  irrigation  is  held  not  to  affect  the  carrying  quality  of  shipping 
fruits. 

H.  Hoops,  Wrights,  Santa  Clara  County:  I  have  generally  improved  the  quality 
of  my  fruit  by  irrigation,  and  therefore  get  better  prices  from  fruit  shippers. 

J.  V.  Webster,  Creston,  San  Luis  Obispo  County:  My  experience  is  that  irrigated 
fruits  do  not  ship  so  well  as  nonirrigated,  decaying  and  fading  in  color  much  more 
rapidly. 

Dr.  W.  N.  Sherman,  Fresno,  Fresno  County;  For  eighteen  years  we  have  obtained 
the  highest  prices  on  table  grapes  of  any  shipped  from  thii^  State.  In  1902  our  table 
grapes  netted  us  |600  per  acre.    The  fruit  is  grown  with  irrigation. 

J.  S.  McCormick,  Fresno:  We  irrigate  everything.  We  sell  to  shippers  to  ship  the 
fruit  to  the  east,  and  hear  no  complaint  about  its  not  keeping. 

George  C.  Roeding,  Fresno:  Shippers  take  irrigated  fruits  as  readily  as  nonirri- 
gated, and  they  carry  fully  as  well. 

Charles  Downing,  Armona,  Kings  County:  My  pears,  grown  on  trees  subirrigated 
by  seepage  from  main  canals,  have  always  brought  top  prices  in  New  York  and 
Chicago.  I  have  shipped  peaches  from  trees  similarly  irrigated,  but  while  some 
have  brought  good  prices  the  result  as  a  whole  has  not  been  satisfactory,  the  claim 
being  made  by  consignees  in  many  instances  that  the  peaches  from  the  district  do 
not  carry  as  well  as  those  from  the  mountain  districts. 
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Thomas  Jacob,  Visalia,  Tulare  County:  Fruit  grown  on  low  land  or  where  much 
water  is  used  does  not  eeem  to  carry  as  well  as  fruit  grown  on  drier  land. 

C.  A.  Walter,  Independence,  Inyo  County:  Irrigated  fruits  are  best  for  shipping. 
They  are  firmer,  have  better  color,  and  look  better  when  packed  than  fruit  that  has 
been  scant  of  water. 

N.  J.  Cooley,  Bishop,  Inyo  County:  I  have  market  for  more  irrigated  fruits  than 
I  can  supply,  and  always  at  top  prices. 

William  Chappelow,  Monrovia,  Los  Angele(<  County:  I  think  unirrigated  fruit 
handles  best. 

W.  W.  Bliss,  Duarte,  Los  Angeles  County:  Nonirrigated  fruit  ships  better,  as  it  is 
firmer  than  irrigated  fruit. 

Henry  D.  Engelhardt,  Glendora,  Los  Angeles  County:  For  shipping  purposes,  give 
me  the  irrigated  fruit  every  time. 

L.  L.  Bequette,  Los  Nietos  ( Whittier),  Los  Angeles  County:  Irrigated  peaches  and 
apricots  will  not  stand  shipping  so  well. 

A.  D.  Bishop,  Orange,  Orange  County:  I  have  been  shipping  irrigated  fruits  and 
selling  to  shippers  for  more  than  twenty  years  with  satisfactory  results. 

W.  8.  Corwin,  Highland,  San  Bernardino  County:  A  large,  juicy  apple,  if  picked 
at  the  proper  time,  will  keep  fully  as  well  as  nonirrigated  fruit  and  will  sell  for  a  far 
higher  price. 

J.  H.  Reed,  Riverside,  Riverside  County:  We  shipped  no  fresh  fruits,  but  our  irri- 
gated fruit  was  much  sought  for  by  the  local  trade  because  of  size  and  general 
appearance  as  well  as  quality. 

Hemet  Land  Company,  Hemet,  Riverside  County:  We  get  the  top  price  for  all 
the  irrigated  fruits  we  raise. 

T.  J.  Bryan,  Lemongrove,  San  Diego  County:  I  never  shipped  anything  but  irri- 
gated fruit,  which  ships  well  if  properly  handled. 

Chester  Gunn,  Julian,  San  Diego  County:  Where  irrigated  early  the  fruit  is  large 
and  well  colored,  and  preferred  for  shipping  to  that  not  irrigated. 

C.  J.  Johnston,  San  Diego,  San  Diego  County:  I  do  not  clip  lemons  immediately 
after  irrigation  or  rains.  The  fruit  is  apt  to  be  too  sappy  to  hold  up.  I  wait  four  or 
five  days  before  clipping. 

ARIZONA. 

A.  J.  McClatchie,  Phoenix:  I  shipped  irrigated  fruits  regularly  to  the  Pan-Ameri- 
can Exposition  at  Buffalo,  N.  Y.,  with  success. 

The  foregoing  statementd  establish  beyond  question  the  availability 
of  irrigated  fruits  for  shipping  and  afford  warning  against  the  excess- 
ive use  of  water  also,  for  it  is  clear  that  those  of  opposing  view  speak 
from  experience  with  an  amount  of  soil  moisture  which  promoted 
overgrowth  and  softness  of  tissue.  Some  fruits  are  more  liable  to 
this  evil  effect  than  others  on  account  of  their  own  characteristic  pulp 
formation.  It  is  also  true  that  perishability  in  the  pulp  is  due  to 
excessive  moisture  supply,  whether  it  be  from  natural  underflow  or 
from  irrigation,  and,  as  might  be  expected,  the  greatest  dangers  in 
irrigation  are  likelj^  to  be  encountered  on  low,  rich,  and  retentive 
soils  and  the  least  danger  in  soils  naturally  drier  and  open  to  a  free 
movement  of  water.  This  diversity  in  soil  and  situation  explains  some 
of  the  contradiction  m  the  testimony,  while  other  indications  of  the 
destruction  of  shipping  quality  are  due  to  unguarded  use  of  water. 
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SinTABILITT  OF  IBBIOATSD  FSTTITS  FOB  CANNIirO. 

The  next  inquiry  as  to  the  value  of  properly  irrigated  fruits  related 
to  their  suitability  for  canning.  Upon  this  point  there  has  been  less 
controversy,  and  yet  claims  of  superior  richness  and  firmness  in  unir- 
rigated  fruits  always  carry  a  reference  to  thinness  of  juice  and  mushi- 
ness  in  processing  which  have  been  freely  attributed  to  irrigation. 
When,  however,  it  is  shown  that  irrigation  can  be  used  to  the  general 
improvement  of  the  fruit  trees  which  are  scant  of  moisture  during  the 
filling  and  ripening  period  of  the  product,  the  improvement  includes 
the  character  which  canners  especially  esteem  and  are  willing  to  pay 
extra  prices  for.  That  this  is  true  is  shown  by  the  following  declara- 
tions which  refer  to  irrigated  fruit,  particularly  from  the  canner's 
point  of  view: 

IDAHO. 

A.  Mcpherson,  Boise:  I  have  canned  my  own  irrigated  fruit  and  have  sold  it  to 
canners — both  very  satisfactorily. 

WASHINGTON. 

J.  H.  James,  Waitsbutig:  I  have  found  irrigated  fruit  a  little  too  juicy  for  canning. 

F.  E.  Thompson,  North  Yakima:  I  have  only  canned  irrigated  fruit  for  our  own 
use.    We  consider  it  fine. 

OREGON. 

Seufert  Brothers,  The  Dalles:  We  can  our  irrigated  fruit  and  sell  it  well.  We  pay 
25  per  cent  more  for  irrigated  fruit  and  find  it  cheaper  for  our  canning. 

CALIFORNIA. 

Owen  Dailey,  Whitmore,  Shasta  County:  I  prefer  irrigated  fruit  for  canning. 

George  A.  Lamiman,  Anderson,  Shasta  Ck)unty:  Canners  pay  the  highest  prices 
for  irrigated  fruit,  especially  pears. 

W.  E.  Hazen,  Manton,  Tehama  County:  Irrigated  fruits  can  well  and  are  profit- 
ably sold  to  canners. 

J.  L.  Barham,  Manton,  Tehama  County:  Our  fruit  brings  the  highest  prices  and  it 
is  all  irrigated.    I  have  shipped  to  the  eastern  markets  right  from  the  tree  mostly. 

Geoige  H.  Flournoy,  Coming,  Tehama  County:  I  have  received  top  prices  from 
canners  for  irrigated  fruits  and  never  heard  any  complaint.  For  home  canning  I 
prefer  irrigated  fruit 

G.  M.  Gray,  Chico,  Butte  County:  My  experience  in  canning  irrigated  fruits  and 
in  selling  them  to  canners  has  been  very  satisfactory. 

Rio  Bonito  Orchard  Company,  Biggs,  Butte  County:  Our  experience  in  selling 
irrigated  fruits  to  canners  has  been  satisfactory. 

L.  F.  Moulton,  Colusa,  Colusa  County:  Being  much  larger,  smoother,  and  finer, 
the  irrigated  fruits  command  the  highest  and  best  market  among  the  canners. 

F.  B.  McKevitt,  Vacaville,  Solano  County:  As  a  general  thing  canners  prefer  irri- 
gated fruits  because  of  the  larger  size. 

Foster  Brothers,  Dixon,  Solano  County:  Irrigated  peaches  and  apricots  are  superior 
for  canning,  but  not  pears. 

£.  A.  Gammon,  Court  land,  Sacramento  County:  My  experience  in  canning  irri- 
gated fruit  has  been  good.    I  have  no  trouble  with  it. 
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T.  J.  Wagoner,  Rough  and  Ready,  Nevada  County:  Ganners  wifl  not  have  the 
unirrigated  fruit  if  they  know  it.  While  the  irrigated  fruit  Bella  quickly  the  other 
is  dull. 

P.  W.  Butler,  Penrjm,  Placer  County:  None  but  irrigated  fruits  can  be  successfully 
grown  in  this  sectioh  for  canning. 

W.  R.  Fountain,  Newcastle,  Placer  County:  Canners  are  after  our  irrigated  cling- 
stone peaches. 

C.  H.  Bentley,  San  Francisco:  The  question  of  irrigation  is  of  vital  interest  to 
everyone  engaged  in  the  handling  of  California  fruits.  From  the  canners'  point  of 
view  there  can  be  no  question  as  to  the  benefit  of  intelligent  irrigation  in  soils  which 
require  it.  Peaches  are,  perhaps,  our  staple,  and  their  quality  is  generally  improved 
by  irrigation  except  when  they  are  grown  in  a  soil  that  enjoys  a  natural  subirri- 
gation. 

John  Rock,  Niles,  Alameda  County:  Canners  never  object  to  irrigated  fruit  if  it  is 
large  and  firm.    Large  sizes  bring  better  prices. 

Edward  M.  Ehrbom,  Mountainview,  Santa  Clara  County:  I  have  had  no  difficulty 
in  shipping  irrigated  fruits  to  canners. 

A.  Block,  Santa  Clara,  Santa  Clara  County:  I  have  no  trouble  selling  irrigated 
fruits  to  canners;  on  the  contrary,  they  like  it. 

S.  P.  Sanders,  Cupertino,  Santa  Clara  County:  Canners'  agents  inquire  on  buying 
if  apricots  have  been  irrigated,  and  prefer  those  that  have  not  been  irrigated  late. 

J.  H.  Flickinger  Co.,  San  Jose,  Santa  Clara  County:  Irrigated  fruit  is  good  for 
canning. 

F.  M.  Righter,  Campbell,  Santa  Clara  County:  We  think  irrigated  fruit  is  best  for 
canning  and  canners  prefer  it,  though  its  superior  size  may  have  most  to  do  with 
their  preference. 

Dr.  W.  N.  Sherman,  Fresno,  Fresno  County:  Where  fruit,  peaches  in  particular, 
is  thinned  and  watered  at  the  proper  time  it  is  much  lai^ger  and  greatly  superior  in 
every  respect  for  canning  purposes.  We  have  canned  from  4,000  to  7,000  cans  a  year 
of  such  fruit  with  success. 

J.  S.  McCormick,  Fresno:  We  sell  irrigated  fruit  to  local  canners  and  to  the  can- 
ners of  San  Francisco  at  satisfactory  prices. 

George  C.  Roeding,  Fresno:  The  flavor  of  canned  fruits  from  irrigated  sections  is 
excellent. 

Frank  Femmons,  Ahwahnee,  Madera  County:  Irrigated  fruit  canned  for  home  use 
has  given  entire  satisfaction. 

J.  M.  Harris,  Miami,  Mariposa  County:  I  have  had  good  success  in  canning  irri- 
gated fruit.  I  have  now  a  jar  of  irrigated  peaches  that  I  put  up  in  1877.  Irrigated 
fruit  sold  for  canning  has  always  brought  the  very  highest  price. 

Thomas  Jacob,  Visalia,  Tulare  County:  We  think  either  very  moist  land  or  irriga- 
tion necessary  to  make  good  canning  fruit. 

W.  S.  Shelly,  HoUister,  San  Benito  County:  Winter  irrigation  is  no  detriment  to 
fruit  for  canning. 

J.  V.  Webster,  Creston,  San  Luis  Obispo  County:  Manifestly  size  and  general 
appearance  are  eminently  essential  in  fruits  for  canning,  and  irrigation,  properly  pur- 
sued, tends  toward  those  characteristics. 

Robert  Dunn,  Fillmore,  Ventura  County:  I  prefer  irrigated  fruits  for  canning, 
and  my  experience  is  that  canners  take  the  best  fruits,  which  can  usually  only  be 
secured  from  irrigated  trees. 

F.  F.  Stetson  &  Co.,  Los  Angeles:  We  use  nonirrigated  fruits  almost  wholly,  but 
firmly  believe  that  the  fruit  would  be  of  better  quality  if  the  trees  were  irrigated 
moderately— say,  twice  during  the  season's  growth.  We  believe  such  fruit  would  be 
of  better  size,  flavor,  texture  (being  firmer  or  less  mealy),  would  cook  better  and 
look  better  after  canning.    Irrigated  peaches  have  lees  red  around  the  pit 
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Henry  D.  Eftgelhardt,  Glendora,  Loe  Angeles  County:  Properly  irrigated  fruit 
will  can  best,  but  overirrigated  fruit  will  be  watery  and  will  spoil  easily. 

H.  D.  Briggs,  Azusa,  Los  Angeles  County:  For  nineteen  years  I  have  canned, 
largely  for  home  use,  and  have  sold  large  amounts  to  canners,  and  always  received 
the  top  price  for  well-grown,  irrigated  fruit. 

W.  W.  Bliss,  Duarte,  Los  Angeles  County:  I  have  sold  but  few  peaches  to  canners. 
For  our  own  use  we  like  nonirrigated  fruits  better. 

J.  B.  Neff,  Anaheim,  Orange  County:  Canners  buy  irrigated  fruits  in  preference 
because  of  superior  size.  The  fruit  will  be  equally  solid  as  the  nonirrigated  if  not 
watered  within  one  month  of  picking. 

C.  P.  Taft,  Orange,  Orange  County:  Fruit  irrigated  before  ripening  is  better  for 
drying  but  not  for  shipping  or  canning,  but  fruit  on  any  soil  which  lacks  sufficient 
moisture  will  be  better  if  irrigated  whether  dried  or  sold  to  canners. 

A.  S.  Bradford,  Fullerton,  Orange  County:  We  never  have  any  trouble  canning 
irrigate^l  fruit,  and  canners  prefer  irrigated  fruits  because  they  are  larger  and  finer. 
Such  fruits  command  about  $10  per  ton  more  on  account  of  size,  etc. 

C.  J.  Merryfield,  Colton,  San  Bernardino  County:  Cannecl  irrigated  fruit  has  a  fine 
appearance  and  superior  flavor. 

W.  S.  Corwin,  Highland,  San  Bernardino  County:  I  have  had  first-class  success  in 
canning  irrigated  fruits  and  in  selling  to  canners. 

James  Boyd,  Riverside:  No  objection  is  ever  made  to  irrigated  fruits  by  canners; 
on  the  contrary  irrigation  gives  more  desirable  fruit  for  canning. 

Joseph  Wallace,  San  Jacinto,  Riverside  County:  Fruit  moderately  irrigated  is  much 
better  for  canning  purposes. 

H.  Culbertson,  El  Cajon,  San  Diego  County:  Well  irrigated  fruit  is  practically  the 
only  fruit  that  canners  will  buy  in  this  section. 

This  declaration  of  the  suitability  of  irrigated  fruit  for  canning  is 
of  great  commercial  significance,  and  it  should  be  considered  in  con- 
nection with  the  present  output  of  the  canning  industry  in  California, 
as  compiled  by  the  California  Fruit  Grower  and  published  in  its  issue 
of  April  9,  1904: 

Calif omia  fruit  and  vegetable  pack  by  varieties. 


Variety. 


CasesA 


1902. 


1903. 


Apples 

Apricots 

Blackberries 

Cherries,  Royal  Ann 

Cherries,  black 

Cherries,  white 

Currants 

Figs 

Gooseberries 

Grapes 

Loganberries 

Nectarines 

Pears 

Peaches 

Peaches,  cling 

Plums 

Quinces 

Raspberries 


6,688 

5,028 

286,071 

648,716 

16,661 

85,666 

119,297 

108,894 

26.566 

80,606 

48,419 

68,892 

219 

95 

1,388 

1.000 

636 
81,052 

62.621  1 

194 

4,807  1 

765 

841  ' 

802,962 

428,881 

858,086 

889,876 

624,528 

650,777 

160,447 

125,667 

2,402 

116 

2,975 

6,506 

Cases.a 


Variety. 


Strawberries 

Total  table  fruits.. 

Pie  fruit,  2|  pounds 

Pie  fruit,  gallons 

Jams  and  jellies 

Total  fruits 

Tomatoes,  2|  and  8  pounds 

Tomatoes,  gallons , 

Peas , 

Asparagus , 

Beans  and  other  vegeta- 
bles  

Total    fruits    and 
vegetables 


1902. 


6,205 


1,926,826 

77,889 

208,596 

45,979 


2,252,790 

760,810 

76,242 

67,710 

227,126 

89,880 


15,820 


2,416,941 
49.682 
231,496 
86.486 


2,738,604 
886,394 
122,901 
70,487 
256,220 

68,672 


3,404,058        4,077,078 


a  2  dozen  2i  pound  cans. 


Upon  the  basis  of  5  cents  per  pound,  selling  price  for  canned  fruits, 
and  2i  cents  per  pound  for  canned  vegetables,  the  valuation  of  this 
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product  in  1903  is  over  $10,600,000  and  the  products  still  meet  a  grow- 
ing demand.  The  canning  quality  of  irrigated  fruits  thus  becomes  of 
the  widest  importance  in  the  development  of  those  parts  of  the  arid 
region  which  favor  the  growth  of  fruits  and  vegetables  desirable  to 
canners. 

STTITABILITT  OF  IBBIOATSD  FBTHTS  FOB  DBTIHO. 

The  next  inquiry  related  to  the  suitability  of  properly  irrigated 
fruits  for  drying.  This  is  a  quality  which  has  had  to  meet  a  strong 
negative  from  the  first  and  many  growers  are  still  disposed  to  deny  it. 
This  is  not  remarkable,  for  does  it  not  seem  reasonable  that  fruit  which 
has  to  be  brought  into  preservable  form  by  the  expulsion  of  a  large 
percentage  of  its  moisture  by  heat  would  be  made  better  for  that 
process  by  growing  it  in  a  way  which  would  naturally  reduce  the 
amount  of  that  moi§ture?  In  fact,  so  strongly  did  this  consideration 
appeal  to  many  growers  a  few  years  ago  that  it  seemed  to  them  silly, 
as  the  common  saying  was,  '*to  force  a  tree  to  pump  its  fruit  full  of 
water  which  has  to  be  driven  oflf  again  in  the  preparation  of  the  prod- 
uct." Several  propositions  which  are  fundamental  in  successful  fruit 
drying  were  not  then  recognized  at  their  full  value.  They  are  better 
understood  now  because  the  chemists  have  made  many  comparative 
analyses  of  dried  fruit,  because  the  dealers  have  learned  what  con- 
sumers will  pay  most  for,  and  because  growers  have  secured  many 
hints  of  practical  value  from  their  own  experience.  The  breadth  of 
this  experience  can  be  readily  understood  when  it  is  remembered  that 
in  California  alone  the  annual  product  of  dried  fruits  of  all  kinds  is 
nearly  340,000,000  pounds,  and  not  less  than  half  of  this  amount  is 
made  from  fruit  grown  with  irrigation,  and  this  half  has  a  vastly 
higher  market  value  than  the  other  half.  A  few  of  these  propositions 
which  have  been  shown  to  be  fundamental  in  successful  fruit  drying 
may  be  briefly  stated,  as  follows: 

(1)  The  best  dried  fruit  is  secured  from  the  fruit  which  is  best 
before  diying. 

(2)  Good  size  is  as  profitable  in  dried  fruit  as  in  fresh  or  canned 
fruits. 

(3)  Fruit  which  is  deficient  in  flavor  and  richness  does  not  improve 
in  drying  and  acrid  flavors  which  are  apt  to  be  developed  in  fruit 
which  is  not  able  to  mature  properly  are  intensified  in  drying. 

(4)  Though  the  best  drying  fruits  are  those  which  naturally  possess 
a  certain  firmness  of  texture  and  density  of  juice,  it  is  not  possible  to 
imitate  these  natural  conditions  nor  to  advance  them  by  denying  the 
tree  the  amount  of  water  which  is  necessary  to  the  vigor  of  the  tree 
and  the  full  development  of  the  fruit.  For  instance,  the  Muir  peach 
has  naturally  rather  dry  flesh  and  the  popular  cling  peaches  are  of 
very  firm  flesh,  but  these  natural  endowments  of  the  varieties  can  not 
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be  successfully  produced  in  other  varieties  nor  enhanced  in  the  varie- 
ties themselves  by  denying  the  trees  the  water  necessary  to  produce 
satisfactory  size  of  fruit,  for  it  is  clearly  shown  by  all  lines  of  investi- 
gation that  adequate  size,  in  each  variety  according  to  its  own  natural 
standard,  helps  in  the  development  of  other  qualities  of  the  variety 
in  their  fullness. 

(5)  While  all  these  things  are  true  it  is  also  true  that  water  in  excess 
of  the  amount  required  by  the  tree  to  attain  its  highest  quality  of 
product  is  apt  to  force  the  tree  beyond  its  best  work  and  it  matters 
not  whether  the  water  reaches  the  roots  by  irrigation  or  by  natural 
movements  of  water  through  the  soil.  Of  course  in  a  semiarid  country 
there  is  greater  danger  and  greater  actual  occurrence  of  excess  by 
irrigation  than  by  natural  movements  and  consequently  blame  attached 
to  it  in  the  popular  mind. 

These  considerations  hold  in  the  growth  of  fruit  for  all  purposes, 
but  they  are  advanced  in  this  place  because  in  the  growth  of  fruit  for 
drying  the  sharpest  issues  have  arisen,  the  greatest  inconsistencies 
have  been  alleged  against  irrigation,  and  this  is  the  place  for  the  vin- 
dication of  the  practice  of  irrigation  against  wrong  conceptions  of  its 
effects.  This  is  the  last  ditch  of  the  nonirrigators,  and  a  deep  stream 
of  water  is  now  flowing  through  it,  as  the  following  reports  clearly 
demonstrate: 

IDAHO. 

L.  A.  Porter,  Porters:  I  have  found  that  irrigated  pmnee  make  the  better  cured 
product,  as  they  have  more  sugar  in  the  juice  and  dry  plumper.  I  can  pay  more  for 
them. 

A.  McPherson,  Boise:  I  have  had  good  results  in  drying  irrigated  fruits. 

W.  G.  Whitney,  Payette:  I  have  had  splendid  success  in  drying  irrigated  fruits. 

WASHINGTON. 

F.  £.  Thompson,  North  Yakima:  I  have  only  dried  irrigated  prunes.    One  hun- 
dred pounds  French  yield  41  pounds  dried;  100  pounds  Italian  yield  32  pounds  dried: 
J.  H.  James,  Waitsburg:  I  have  had  good  results  in  drying  irrigated  fruits. 


Seufert  Brothers,  The  Dalles:  We  knew  that  driers  pay  the  largest  prices  for  the 
largest  fruit  In  a  dry  country  the  fruit  gets  sun  enough  to  offset  any  greater  amount 
of  water  supplied  by  irrigation. 

CALIFORNIA. 

Owen  Daily,  Whitmore,  Shasta  Ounty:  I  consider  irrigated  fruit  best  for  all 
purposes. 

George  A.  Lamiman,  Anderson,  Shasta  County:  As  irrigated  fruit  is  larger  and 
better  flavored,  it  commands  a  higher  price  after  drying. 

0.  E.  Graves,  Red  bluff,  Tehama  County:  Irrigated  prunes  are  as  easily  dried  as 
those  not  irrigated. 

Fred  Scharr,  Redbluff :  Irrigated  fruit  will  shrink  more  in  drying. 

J.  L.  Barham,  Man  ton,  Tehama  County:  We  have  had  first-class  resuttQ  \XK  <lryiQg 
irrigated  fruits. 
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Mrs.  Emma  E.  Yager,  Manton:  According  to  my  experience  irrigated  fmits  dry 
well. 

W.  E.  Hazen,  Manton:  irrigated  fruit  makes  better  dried  fruit  than  nonirrigated; 
it  has  a  better  flavor. 

George  H.  Floumoy,  Coming,  Tehama  County:  If  properly  irrigated,  fruits  of  all 
kinds  make  a  better  dried  product  than  nonirrigated  fruits. 

G.  M.  Gray,  Chico,  Butte  County:  It  takes  a  few  more  pounds  of  irrigated  fruit 
to  make  a  certain  weight  of  dried  fruit,  as  a  rule. 

Rio  Bonito  Orchard  Company,  Biggs,  Butte  County:  Our  experience  in  dryins; 
irrigated  fruit  has  been  satisfactory. 

L.  F.  Moulton,  Colusa:  Reasonably  irrigated  fruits  dry  well  and  sell  for  the  high- 
est prices  to  driers. 

G.  W.  Thissell,  Winters,  Yolo  County:  It  requires  more  pounds  of  irrigated  fruit 
to  make  a  pound  of  dried  fruit  than  it  does  of  nonirrigated  fnlit,  but  the  heavier 
yield  and  the  larger  size  under  irrigation,  also  the  advantage  in  handling,  drying, 
and  selling  large  fruits  more  than  compensate  for  the  greater  shrinkage  in  drying. 
The  money  is  in  the  irrigated  orchard. 

F.  S.  McKevitt,  Vacaville,  Solano  County:  If  properly  irrigated  the  fruit  will  dry 
as  well,  and  the  yield  from  the  same  weight  of  fresh  fruit  will  be  as  lai^ge  as  with 
the  unirrigated. 

Foster  Brothers,  Dixon,  Solano  County:  The  drying  of  irrigated  fruits  of  all  kinds 
is  satisfactory. 

John  Rock,  Niles,  Alameda  County:  Fruit  grown  with  winter  or  early  spring  irri- 
gation will  dry  as  well  as  unirrigated  and  is  more  profitable,  as  it  is  of  better  size. 
It  will  have  more  sugar  than  fruit  grown  on  dry  land. 

Edward  M.  Ehrhom,  Mountain  view,  Santa  Clara  County:  There  is  a  little  more 
loss  in  drying  irrigated  fruit,  but  I  believe  this  is  offset  by  the  larger  size  of  the  fruit 
secured  by  irrigation. 

8.  P.  Sanders,  Cupertino,  Santa  Clara  County:  Fruits  irrigated  late  in  the  spring 
and  in  early  summer  shrink  more  and  are  off  in  flavor.  Driers  buying  fruit  green 
seek  and  pay  more  for  nonirrigated,  but  growers  hardly  understand  the  reason  for 
the  discrimination. 

J.  H.  Flickinger  Company,  San  Jose,  Santa  Clara  County:  In  drying,  the  shrink- 
age is  greater  with  irrigated  fruit. 

F.  M.  Righter,  Campbell,  Santa  Clara  County:  If  fruit  is  heavily  irrigated  late  in 
the  season  it  will  show  greater  shrinkage  in  weight  in  drying,  but  it  will  not  other- 
wise be  inferior.  The  commercial  driers  look  upon  it  in  this  light  and  prefer  irri- 
gated fruit,  because  the  product  is  larger  and  hence  of  better  grade. 

W.  S.  Shelly,  Hollister,  San  Benito  County:  Winter  irrigation  causes  no  greater 
shrinkage. 

J.  V.  Webster,  Creston,  San  Luis  Obispo  County:  As  irrigated  fruit  is  larger,  and 
as  the  larger  dried  fruits  have  the  higher  commercial  value,  irrigation  is  often  an 
important  agency  toward  profitability,  but  my  observation  is  that  the  nonirrigated 
fruit  excels  in  everything  but  size. 

Charles  W.  Landis,  Folsom  City,  Sacramento  County:  The  better  the  green  fruit 
the  better  the  dried  fruit. 

W.  T.  Kirkman,  Merced:  Muir  peaches  well  irrigated  will  dry  about  one  from  five 
and  make  first-class  dried  fruit,  selling  for  the  highest  quoted  prices.  We  have  had 
very  satisfactory  success  in  drying  irrigated  fruits. 

George  C.  Roeding,  Fresno:  Irrigated  fruits  dry  as  well  as  nonirrigated  and  are 
much  brighter  in  appearance. 

Dr.  W.  N.  Sherman,  Fresno:  We  dry  about  150  tons  annually  of  raisins,  and  have 
done  so  for  about  ten  years.  We  dry  about  25  tons  of  peaches.  All  these  are  grown 
by  irrigation. 
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John  C.  Nourse,  Fresno:  The  percentage  of  shrinkage  or  Iobb  of  weight  in  dr3ring 
fruit,  either  irrigated  or  nonirrigated,  is  about  the  same,  except  where  the  water  has 
been  applied  immediately  preceding  the  ripening  of  the  fruit,  when  the  shrinkage  in 
the  irrigated  fruit  is  greater.  Our  dried  fruit  from  irrigated  apricots,  pears,  peaches, 
nectarines,  and  raisin  grapes  compare  favorably  with  the  same  fruits  in  any  other 
part  of  the  State. 

J.  S.  McCormick,  Fresno:  We  dry  irrigated  fruit  every  year,  and  it  commands  as 
good  prices  as  nonirrigated  fruit  in  other  parts  of  the  State. 

Charles  Downing,  Armona,  Kings  County:  Orchards  in  this  district  are  chiefly 
grown  by  seepage  irrigation  from  main  ditches.  Almost  all  the  peaches  and  apricots 
are  dried,  yielding  usually  a  little  more  than  a  ton  of  dried  fruit  to  the  acre.  Raisins 
also  go  about  a  ton  to  the  acre  for  the  first  crop,  second-crop  grapes  going  mostly  to 
the  wineries.  A  piece  of  20  acres,  or  allowing  for  avenues,  etc.,  about  17  acres  actu- 
ally, of  Muscat  vines,  planted  10  by  10  feet,  produced,  in  1901,  96.4  tons  of  grapes  oi 
22  per  cent  sugar  test.  In  1902  this  same  piece  gave  168.4  tons  of  about  the  same 
sugar  test.  The  vines  were  13  years  old  in  1901.  One  edge  of  this  vineyard  is  one- 
eighth  of  a  mile  from  the  nearest  ditch. 

Thomas  Jacob,  Visalia,  Tulare  County:  Nonirrigated  fruit  dries  heavier  and  retains 
its  color  better  after  bleaching  than  fruit  grown  on  wet  land  or  with  much  irrigation. 

J.  M.  Harris,  Miami,  Mariposa  County:  I  have  always  dried  irrigated  fruits  with 
the  best  success. 

C.  A.  Walter,  Independence,  Inyo  County:  Irrigated  fruit,  being  lai^  and  rich  in 
flavor,  is  the  best  fruit  for  drying. 

Robert  Dunn,  Fillmore,  Ventura  County:  I  prefer  irrigated  fruit  for  drying,  as  it  is 
as  a  rule  larger.  ' 

Henry  D.  Engelhardt,  Glendora,  Los  Ajigeles  County:  Deciduous  fruit  grown  with 
about  two  light  irrigations  during  the  dry  season  in  southern  California  will  produce 
the  best  results  in  drying  qualities. 

J.  B.  Neff,  Anaheim,  Orange  County:  Driers  prefer  irrigated  fruit,  if  not  irrigated 
within  a  month  of  ripening. 

A.  S.  Bradford,  Placentia,  Orange  County:  The  fruit  driers  make  no  distinction 
between  irrigated  and  nonirrigated  fruits,  and  the  largest  fruit  commadds  the  best 
price. 

A.  D.  Bishop,  Orange,  6range  County:  My  experience  in  drying  irrigated  fruits 
has  been  entirely  satisfactory. 

H.  D.  Briggs,  Azusa,  Los  Angeles  County:  I  have  dried  fruit  every  year  since  1890, 
more  or  less,  and  always  with  fair  results.  I  always  prefer  irrigated  fruit,  if  water  has 
not  been  used  within  three  weeks  of  ripening. 

L.  L.  Bequette,  Whittier,  Los  Angeles  County:  Irrigated  fruits  do  not  dry  so  well. 

W.  S.  Corwin,  Highland,  San  Bernardino  County:  Irrigated  fruit  dries  well. 

Joseph  Wallace,  San  Jacinto,  Riverside  County:  Nonirrigated  fruit  is  much  better 
for  drying,  provided,  of  course,  that  it  will  attain  proper  size  without  irrigation. 

Hemet  Land  Company,  Hemet,  Riverside  County:  We  have  dried  irrigated  apricots 
and  peaches  for  five  years  and  always  get  paying  prices  for  them. 

Edward  L.  Koethen,  Riverside:  Irrigated  apricots  make  an  excellent  dried  product 

J.  H.  Reed,  Riverside:  I  kept  careful  account  during  two  or  three  years  of  our 
dried  irrigated  fruits  as  compared  with  the  same  kinds  of  fruit  unirrigated  which  we 
dried  for  neighbors  under  precisely  the  same  conditions.  I  was  surprised  at  the 
increased  product  of  cured  fruit  from  the  irrigated  lots.  As  to  quality,  the  increased 
price  received  for  the  fruit  settled  that. 

H.  Culbertson,  El  Cajon,  San  Diego  County:  Our  experience  is  that  irrigated  fruit 
is  the  only  fruit  that  will  pay  expenses.  By  actual  test  I  have  found  the  actual  cost 
of  preparing  peaches  for  drying  to  be  two  or  three  times  more  for  small  fruit  than 
for  large  fruit  well  developed  under  irrigation.  Of  course,  thinning  (or  spacing  the 
fruits  on  the  twigs)  is  one  of  the  most  important  factors.  ^  I 
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Very  clear  conclusions  can  be  secured  from  a  careful  study  of  the 
foregoing  declarations  of  experience.  It  is  desirable  to  consider  them 
as  a  whole  and  not  as  isolated  statements.  For  instance,  Mr.  Thissell's 
and  Mr.  Ehrhorn's  statements  complete  the  showing  of  the  greater 
shrinkage  in  drying,  as  shown  by  Mr.  Gray,  the  Flickinger  Company, 
and  others,  and  Mr.  Jacobs  shows  that  shrinkage  is  experienced  in 
fruit  grown  on  land  naturally  wet  as  well  as  on  that  excessively  irri- 
gated, while  Mr.  Wallace  shows  when  nonirrigated  fruit  is  superior 
and  explains  the  preference  which  Mr.  Bequette  has  expressed  in  all 
the  answers  which  he  has  made.  He  has  land  naturally  moist  enough 
for  the  fullest  requirements  of  the  trees  and  has  no  need  of  irrigation. 
Reading  dissent  then  in  the  light  of  such  interpretation  there  remains 
a  clear  and  emphatic  affirmation  from  the  experience  of  many  that 
irrigation  is  widely  the  surety  of  satisfactory  size  and  quality  and  of 
profit  in  the  growth  of  fruit  for  preservation  by  evaporation. 

IBBIGATED  FBXnXS  AT  POMOLOGICAL  FAXES. 

The  pomological  fairs  within  the  irrigated  regions  and  the  great 
expositions  at  home  and  abroad  during  the  last  quarter  of  a  century 
have  aflForded  an  opportunity  for  contrasting  displays  of  irrigated  and 
nonirrigated  fruits.  Irrigated  fruit  is  conceded  to  be  rich  in  show 
features.  Its  size  and  beauty  have  always  commanded  admiration, 
and  its  superior  attractiveness  has  been  sufficiently  demonstrated  by 
the  fact  that  in  earlier  expositions  in  California,  and  possibly  else- 
where also,  it  was  often  set  apart  in  a  class  by  itself,  so  that  the  com- 
petition of  nonirrigated  fruit  with  it  for  the  same  awards  might  be 
avoided.  A  question  was,  however,  addressed  to  growers  as  to  their 
experience  with  irrigated  and  nonirrigated  fruits  at  the  fairs,  in  the 
hope  that  some  instructive  contrasts  might  be  brought  to  light.  The 
answers  received  do  not,  however,  attain  such  ends,  although  they  do 
constitute  an  interesting  record  of  experience,  and  in  some  cases  shed 
a  unique  light  on  the  durability  of  irrigated  fruits  in  long  shipment 
and  during  the  trying  exposure  on  the  show  plates.  There  has  per- 
haps been'  no  clearer  demonstration  of  these  facts  than  the  award  at 
the  Paris  Exposition  of  1900  to  the  apples  grown  with  irrigation  in 
Idaho.  The  same  behavior  of  irrigated  fruits  has  been  manifested  at 
all  American  expositions  since  the  Centennial,  at  Philadelphia,  in  1876, 
which  was  the  first  great  opportunity  for  the  irrigated  fruits  from 
California.  The  following  declarations  of  individual  experience  along 
these  lines  are  of  interest: 

IDAHO. 

L.  A.  Porter,  Porters:  My  irrigated  fruit  was  given  awards  at  the  Golnmbian  Expo- 
sition, at  the  Pan- American,  and  at  the  Spokane  Fruit  fairs  for  many  years. 

A.  Mcpherson,  Boise:  My  irrigated  fruits  have  taken  prizes  at  the  Chicago,  New 
Orleans,  and  Omaha  expositions. 
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WASHINGTON. 

E.  H.  Libby,  Clarkson:  Irrigated  fruits  of  this  valley  have  won  prizes  at  the 
Golambian  Exposition,  at  Omaha,  at  Spokane  Fruit  Fair  year  after  year,  and  sweep- 
stakes regularly  at  the  Lewiston  State  Fair. 

F.  E.  Thompson,  North  Yakima:  Our  irrigated  fruit  has  taken  awards  at  Wash- 
ington State  Fair  and  at  Spokane  Fruit  Fair. 


S.  A.  Miller,  Milton:  I  was  given  awards  at  the  Spokane  Fruit  fairs  in  1895  and 
1896  for  the  largest  apple  on  exhibition. 

Seufert  Brothers,  The  Dalles:  We  took  prizes  for  our  irrigated  cherries  and  Hun- 
garian prunes  in  the  Oregon  exhibit  at  the  Columbian  Exposition. 

J.  R  Casey,  Ashland:  I  have  taken  prizes  with  irrigated  fruit  at  the  southern 
Oregon  district  fairs. 

CALIFORNIA. 

W.  E.  Hazen,  Manton,  Tehama  County:  My  irrigated  fruit  has  won  prizes  at  the 
Redbluff  district  fairs. 

J.  L.  Barham,  Manton:  Our  irrigated  apples  have  taken  prizes  at  the  State  fairs 
whenever  exhibited. 

George  H.  Floumoy,  Coming,  Tehama  County:  I  have  always  received  a  majority 
of  the  premiums  at  county  fairs  in  my  county  and  received  gold  medals  at  the  Mid- 
winter Fair  in  San  Francisco. 

L.  F^  Moulton,  Colusa:  My  irrigated  prunes  won  the  highest  awards  at  the  Mid- 
winter Fair  of  1894. 

John  Rock,  Niles,  Alameda  County:  My  irrigated  fruit  took  a  gold  medal  at  the 
California  State  Fair  in  1896,  also  a  Wilder  medal  for  olives  at  the  meeting  of  the 
American  Pomological  Society  in  1895. 

A.  Block,  Santa  Clara:  The  American  Pomological  Society  at  its  Cedar  Rapids 
meeting  gave  me  a  Wilder  medal  for  irrigated  pears. 

T.  J.  Wagoner,  Rough  and  Ready,  Nevada  County:  Placer  and  Nevada  counties 
have  taken  leading  prizes  at  leading  fairs  and  the  fruit  was  all  from  irrigation. 

P.  W.  Butler,  Penryn,  Placer  County:  Ten  to  fifteen  years  ago  I  exhibited  irri- 
gated fruit  yearly  at  the  State  fairs  in  Sacramento,  and  on  peaches  have  always  taken 
prizes — sometimes  more  than  any  other  exhibitor  in  the  State. 

W.  N.  Sherman,  Fresno:  We  received  a  gold  medal  for  irrigated  fruits  at  the  Paris 
Exposition;  two  gold  medals  and  eighteen  blue  ribbons  at  the  California  State  Fair 
of  1902  for  irrigated  fruits  and  other  local  awards. 

George  C.  Roeding,  Fresno:  Our  irrigated  fniits  won  prizes  at  the  State  Fair  in 
1902  and  at  county  fairs  for  a  number  of  years. 

C.  A.  Walter,  Independence,  Inyo  County:  I  have  taken  prizes  with  irrigated 
fruits  at  the  Inyo  County  fairs  a  number  of  limes. 

A.  D.  Bishop,  Orange:  1  was  awarded  a  medal  at  the  Columbian  Exposition  m 
1893  for  irrigated  fruits  and  have  taken  numerous  premiums  at  our  county  fairs. 

C.  P.  Taft,  Orange:  My  irrigated  loquats  took  a  diploma  at  the  Pan-American 
Exposition.    I  have  won  many  prizes  with  irrigated  fruits  at  the  fairs  in  California. 

D.  Edson  Smith,  Santa  Ana,  Orange  County:  My  irrigated  deciduous  fruits,  both 
fresh  and  dried,  have  taken  first  prizes  at  several  fairs  of  the  Southern  California 
Pomological  Society  in  Los  Angeles. 

James  Boyd,  Riverside:  I  have  had  the  best  success  and  have  taken  premiums  at 
the  Los  Angeles  and  other  fairs,  both  for  fresh  and  dried  fruits,  in  competition  with 
unirrigated  fruit  from  other  southern  counties. 

H.  Culbertson,  £i  Cajon,  San  Diego  County:  I  have  taken  prizes  for  irrigated 
fruits  at  our  county  fairs  and  at  the  Columbian  Exposition. 
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A.  J.  McClatchie,  Phoenix:  Our  irrigated  fruits  won  prizes  at  the  Pan-American 
Exposition. 

-^JURIES  ALLEGED  AGAINST  IBJUGATIOH. 

The  last  inquiry  submitted  to  correspondents  was  intended  to  afford 
opportunity  for  alleging  all  objections  to  the  use  of  water  in  fruit 
growing,  so  that  full  measure  could  be  taken  of  this  phase  of  the  col- 
lective mind  of  fruit  growers.  Naturally,  though  many  correspondents 
expressed  themselves  in  answer  to  the  question:  *'Do  you  know  of 
fruits  or  fruit  trees  or  vines  being  injured  in  any  way  by  irrigation, 
and  if  so,  in  what  respect?"  there  were  but  few  distinctive  objections 
and  much  repetition  in  the  recital  of  them  by  different  observers. 
For  this  reason  the  plan  of  citing  individual  declarations,  which  has 
been  followed  in  the  compilation  under  the  previous  headings,  will  be 
abandoned  and,  in  the  interest  of  brevit}',  only  objections  in  some 
respect  diffei-ent  from  others  will  be  entered  upon  the  following  rough 
classification  of  statements: 

INJURIES   DUE  TO  THE  GROWER  HIMSELF. 

Careless  irrigation  often  injures  trees  and  vines. 

The  things  to  know  are  when  to  irrigate  and  how  much.  Just  enough  at  the  right 
time  insures  the  best  possible  results,  but  some  growers  seem  to  be  unable  to  learn 
this. 

Trees  are  not  injured  when  intelligence  enters  into  the  use  of  water. 

Fruit  trees  are  often  injured  by  too  much  irrigation — in  fact,  many  are  killed  by 
it.    It  also  spoils  the  fruit. 

INJURIES  DUE  TO  THE  WATER. 

Too  much  water  remaining  too  long  around  the  stems  of  low-set  orange  trees 
causes  root  rot  or  gam  disease. 

Some  kinds  of  fruit  are  especially  injured  by  overirrigation. 

Trees  can  be  drowned  by  too  much  water  or  may  die  from  too  little  of  it. 

Some  grapevines  have  been  killed — apparently  by  too  much  water. 

Deciduous  fruit  trees  are  injured  by  too  much  water  and  by  allowing  it  to  run 
around  the  body  of  the  tree. 

Too  much  water  on  or  near  the  surface  will  injure  fruit  trees.  Some  orchards 
where  water  is  plentiful  are  being  ruined  by  too  much  of  it,  even  in  the  mountains 
where  natural  drainage  is  usually  all  that  could  be  desired.  The  trees  are  sickly 
and  the  fruit  of  little  value. 

If  too  much  water  is  used  the  fruit  will  drop  and  the  trees  show  a  sickly  appear- 
ance in  the  middle  of  the  spring.    Moderate  irrigation  will  not  do  this. 

Orchards  and  vineyards  are  killed  by  overirrigation,  because  of  the  raising  of  the 
water  level  too  near  the  surface. 

In  low  places,  especially  where  the  ground  water  is  too  near  the  surface,  irrigation 
has  had  bad  effects.  Fruits  have  not  such  good  flavor,  grapes  are  late,  and  some- 
times trees  are  killed. 

Orchards  have  been  killed  outright  by  constant  irrigation  by  Chinamen  growing 
vegetables  among  the  trees. 

One  prune  orchard  of  160  acres,  in  Santa  Clara  County,  Cal.,  has  been  abandoned 
and  the  trees  dug  out.    For  ten  years  they  have  been  irrigated  abundantly,  at  great 
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expense,  and  supplied  with  fertilizers  also.  Adjoining  orchards  not  irrigated  are 
still  thrifty  and  bearing  tolerably  well.  It  has  been  claimed  that  the  water  washed 
the  fertilizing  substance  out  of  the  soil. 

Summer  irrigation  promotes  a  root  system  near  the  surface  and  proper  develop- 
ment of  fruit  on  trees  with  such  a  system  of  feeders  requires  irrigation.  In  other 
words,  an  orchard  once  irrigated  will  suffer  more  from  drought  than  one  never 
irrigated. 

,  INJURIES  DUB  TO  LACK  OF  DRAIN AQB. 

Where  water  is  allowed  to  stand  or  there  is  insufficient  drainage  the  leaves  turn 
yellow,  and  if  the  trees  are  not  looked  to  they  are  apt  to  die. 

Too  much  water  with  poor  drainage  will  sour  the  soil  and  cause  gum  disease  and 
yellow  leaf. 

Trees  can  be  injured^  especially  on  roots  which  do  not  like  too  much  water  and  on 
soils  where  the  subdrainage  is  defective. 

Thousands  of  acres  of  trees  and  vines  are  seriously  injured  by  seepage  of  water 
from  ditches  and  the  raising  of  water  levels.  Drainage  of  land  to  remove  surplus 
water  is  one  of  the  greatest  needs  in  some  localities. 

There  are  35-year-old  apple  trees  at  the  Hicks  ranch  in  San  Bernardino  County, 
Cat.,  that  have  a  ditch  of  water  running  constantly  within  5  feet  of  the  trunks  and 
yet  are  very  thrifty  and  bear  nearly  every  year  apples  of  highest  quality.  They  will 
not  grow,  however,  in  a  swamp,  but  must  have  some  drainage. 

Fruit  trees  are  injured  by  subirrigation  without  drainage  for  surplus  water.  Stand- 
ing water  is  destructive  to  the  roots. 

There  may  be  injuries  by  irrigation  in  the  case  of  using  excessive  amounts  of  water 
a  few  days  before  picking.  Walnuts  are  never  injured  by  irrigation  on  land  that  has 
good  underdrainage.  The  land  might  be  leached  out,  perhaps,  but  there  is  no  direct 
injury  to  the  tree. 

INJURIES  DUE  TO  LACK  OP  CULTIVATION. 

Trees  are  injured  by  too  much  irrigation  and  not  sufficient  cultivation. 

Too  much  water  continuously  will  check  growth,  turn  foliage  yellow,  and  stunt 
the  tree.  The  land  should  be  cultivated  between  irrigations  until  there  is  but  little 
moisture  at  the  surface,  but  not  allowed  to  become  dry  enough  to  curl  the  leaves. 
This  will  make  healthier  trees  and  a  better  quality  of  fruit  than  overirrigated  land, 
but  the  irrigation  should  be  thorough  and  deep. 

Too  much  or  too  frequent  flooding  around  the  tree  with  too  little  cultivation 
between  irrigations  may  do  injury.  Too  many  people  who  have  plenty  of  water  use 
it  too  frequently,  thinking  to  escape  the  trouble  of  cultivation. 

Sometimes  fruit  trees  are  irrigated  continuously  and  never  cultivated  so  as  to  open 
the  soil  to  sunshine  and  air.    Such  trees  are  not  so  stocky  and  strong. 

Irrigation  without  cultivation— and  that  in  the  most  thorough  manner— is  produc- 
tive of  injurious  results,  and  where  irrigation  has  not  given  satisfactory  results  it  will 
be  found  that  it  was  not  followed  by  the  proper  cultivation. 

INJURIES  DUB  TO  TBMPBRATURB  DURING  IRRIGATION. 

Where  hardpan  is  near  the  surface,  care  must  be  taken  or  the  tree  or  vine  is  very 
likely  to  be  injured  if  much  water  is  applied  in  warm  weather. 

Carelessness  in  flooding  trees  in  hot  weather  may  injure  them,  but  when  judgment 
is  used  in  irrigating,  trees  are  not  injured  by  water. 

Both  trees  and  vines  may  be  "scalded"  by  allowing  water  to  stand  too  long  in  hot 
weather. 

Orchards  have  been  injured  by  too  much  irrigation,  causing  the  roots  to  scald. 
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In  the  daytime  the  ground  and  the  water  get  hot,  and  to  let  the  water  strike  the 
tree  then  will  scald  the  bark.     It  takes  very  little  of  that  to  ruin  a  tree. 

Sunshine  reflected  from  water  running  below  against  the  trunk  causes  sunburn. 

There  have  been  a  good  many  orange  trees  ruined  by  flooding  the  trees,  running 
a  furrow,  or  digging  to  the  root  crown,  thereby  cooking  it  and  finally  ruining  the  tree. 

Fruit  trees  are  sometimes  injured  by  receiving  too  much  water  during  hot  spells 
during  the  summer. 

In  Arizona  fruit  trees  have  been  injured  by  scalding,  even  when  a  very  small 
amount  of  water  has  been  put  on  in  hot  weather. 

In  Idaho  trees  left  to  dry  out  in  summer  have  been  made  to  take  a  late  growth  by 
irrigation  and  have  suffered  by  early  freezing.  It  is  also  true  that  trees  have  been 
saved,  by  having  irrigation  late  in  the  fall,  from  a  heavy  winter  freeze  where  there  was 
lack  of  moisture,  while  unirrigated  trees  in  the  same  locality  were  killed  by  drying 
out  by  such  severe  freezing.  Water  to  keep  trees  from  destruction  by  "freezing 
dry"  must  be  applied  late  and  when  the  temperature  becomes  low  enough  to  pre- 
vent new  growth. 

INJURIES  TO  FRUIT  BY   IRRIGATION  TOO   NEAR  RIPENING. 

Flavor  and  keeping  quality  of  the  fruit  are  hurt  by  heavy  irrigation  just  as  the 
fruit  is  ripening.    The  best  time  to  irrigate  is  early  in  the  growing  season. 

Water  at  some  periods  is  said  to  retard  the  ripening  of  fruits. 

Late  and  excessive  irrigation  is  injurious  both  to  fruits  and  their  products. 

If  irrigation  is  applied  within  three  weeks  of  ripening  the  fruit  is  apt  to  be  watery 
and  liable  to  decay. 

In  Nevada  County,  Cal.,  a  large,  late,  blue  grape  (Ramonia  Transylvania),  with 
water  running  near  the  vine  all  summer,  never  ripened  and  hardly  colored,  keeping 
sour  and  green,  while  on  the  other  vines  of  the  same  kind  (but  little  irrigation  or 
none  at  all)  the  grapes  ripened  nicely,  being  of  a  dark-blue  color. 

Winter  irrigation  is  often  superior  to  summer  irrigation  for  deciduous  fruits.  Many 
injure  their  orchards  and  affect  the  fruit  disadvantageously  by  late  irrigation,  espe- 
cially after  the  fruit  begins  to  mature. 

Some  peaches  and  apricots  have  overgrown  and  lost  flavor  from  too  much  water. 
Apricots  are  very  sensitive  to  water,  and  with  reasonable  rainfall,  and  well  cultivated 
and  thinned,  will  mature  good  fruit  without  irrigation,  as  they  nearly  all  ripen  in 
July.     Early  peaches  will  not  stand  much  water. 

Study  of  these  alleged  injuries  due  to  irrigation  clearly  shows  that 
they  are  attributable  not  to  irrigation  but  to  the  errors  in  the  use  of 
water.  Every  other  agricultural  agency  is  not  only  subject  to  misuse, 
but  is  actually  misused  with  resulting  injury,  hardship,  and  loss;  but 
as  irrigation  is  a  newer  art  to  Americans  and  its  requirements  not 
well  understood,  it  is  not  strange  that  injury  properly  attributable  to 
the  actor  is  so  frequently  attributed  to  the  instrument.  It  becomes 
clear,  then,  that  there  is  no  blame  attaching  to  irrigation  which  might 
not  also  attach  to  rainfall  or  to  natural  overflow — in  fact  irrigation, 
being  wholly  under  the  control  of  the  operator,  should  be  held  the 
more  innocent.  It  is  an  old  proverb  that  ^^no  man  can  farm  against 
the  weather,"  but  it  is  certainly  a  fact  that  a  ntian  can  farm  against 
injuries  by  irrigation  as  soon  as  he  has  the  requisite  intelligence  and 
the  energy  to  act  upon  it.  There  is,  manifestly,  no  injury  by  irriga- 
tion which  can  not  be  avoided  by  the  use  of  the  right  amount  of  water 
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at  the  right  time  and  in  the  right  way  upon  the  soil  naturally  right 
for  it,  or  corrected  by  the  arts  of  tillage  and  drainage,  and  these  cor- 
rective arts  are  neither  new  nor  peculiar  to  irrigation  practice;  they 
are  the  old  arts  which  have  demonstrated  their  value  through  centuries 
of  rainfall  farming. 

And  yet,  simple  as  the  matter  is  upon  last  analysis,  the  steps  of 
attaining  it  are  really  new  and  stmnge  and  are  apt  to  fail  of  recogni- 
tion and  appreciation.  In  connection  with  his  response  to  the  ques- 
tions of  the  present  inquiry,  Mr.  J.  H.  Reed,  of  Riverside,  Cal.,  gives 
these  pertinent  observations  and  conclusions: 

There  is  one  thing  we  must  keep  more  prominently  in  mind;  that  is,  that  succeas- 
fal,  practical  irrigation  is  not  so  easy  a  thing  to  learn  and  practice  as  many  suppose. 
The  blundering  unsuccess  of  untrained  beginners  does  more  to  retard  the  progress  of 
irrigation  in  new  districts  than  all  things  else.  I  recently  visited  a  semiarid  section 
in  Nebraska  where  a  few  years  before  a  much-needed  irrigation  plant  and  plenty  of 
cheap  water  had  been  secured.  It  had  proved  so  unsatisfactory  as  to  discourage  not 
only  those  immediately  interested  but  the  whole  region  as  to  the  practicability  of 
successful  irrigation.  I  found  the  condition  easily  explained  by  the  utter  careless- 
ness of  application  and  management  of  water,  while  with  practical  direction  it  might 
have  been  made  of  vast  benefit  locally  and  a  useful  object  lesson  for  the  whole  region. 

I  fully  understand  that  irrigation  of  deciduous  fruits  may  be  mismanaged  or  over- 
done, as  with  citrus  fruits,  but  I  can  not  understand  at  this  late  day  how  there  can 
be  any  question  as  to  the  great  value  of  irrigation  intelligently  applied  to  deciduous 
fruits,  both  as  to  quality  and  quantity  of  product. 

The  foregoing  observations  and  conclusions  explain  why  it  is  neces- 
sary to  undertake  such  inquiries  as  form  the  basis  of  this  report. 
Though  the  practice  of  irrigation  will  be  continually  improved  by  the 
results  of  scientific  experimentation  and  exposition,  the  extension  of 
the  practice  and  the  realization  of  the  benefits  thereof  will  be  largely 
achieved  by  the  wide  publication  of  the  teachings  of  experience. 
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By  J.  £.  RoADHOUSB,  Agent  and  Expert. 
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Salton  Sink  is  situated  in  the  eastern  part  of  San  Diego  County, 
Cal.,  hemmed  in  by  scattered  spurs  of  mountain  ranges.  On  the 
north  is  the  Chocolate  Range,  an  extension  of  the  San  Bernardino 
Mountains;  on  the  west  and  southwest  are  the  San  Jacintos  and 
Cocopahs,  interrupted  by  Signal  Mountain  at  the  north  end  of  Laguna 
Salada  (Salt  Lake),  a  body  of  water  which  is  replenished  annually  from 
the  south  by  the  Colorado  overflow.  In  the  northeast  the  Colorado 
is  kept  out  by  80  or  4:0  miles  of  sand  hills,  often  capped  with  mesquite 
trees,  which  diminish  in  size  and  number  toward  the  international 
boundary,  almost  disappearing  along  the  Alamo  channel.  There  is  a 
gentle  slope  of  from  5  to  10  feet  per  mile  to  the  northwest  from  Vol- 
cano lakes-,  and  the  elevation  ranges  from  sea  level  at  the  boundary 
to  287  feet  below  sea  level  in  the  trough  of  the  sink.  The  sand  hills 
on  the  west  have  been  aptly  named  Superstition  Mountains  because 
of  their  unstable  character,  the  hills  advancing  by  the  sand  falling 
over  from  the  top  in  the  direction  the  wind  is  blowing.  Mud  volca- 
noes in  the  vicinit}'  of  Volcano  lakes  (from  which  the  lakes  are  named) 
and  along  the  east  rim  of  Salton  Sink  well  up  quantities  of  hot  mud, 
which  forms  smooth,  cone-shaped  piles  about  their  craters,  or  flows 
sluggishly  down  the  slope.  At  about  sea  level  and  along  the  north 
and  east  sides  of  the  valley  an  old  sea  beach  is  plainly  visible,  strewn 
with  logs  and  periwinkle.  In  the  north  several  fresh-water  springs 
come  out  in  this  beach  formation,  and  flowing  wells  are  found  along 
the  line  of  the  Southern  Pacific  Railroad. 

It  is  probable  that  Salton  Sink  was  once  a  part  of  the  Gulf  of  Cali- 
fornia, into  the  north  end  of  which  Colorado  River  emptied  its  mil- 
lions of  tons  of  silt  and  suspended  organic  matter,  both  vegetable  and 
animal.  The  continued  process  gradually  elevated  the  river  mouth, 
forming  a  delta,  which  finally  built  itself  across  the  gulf  to  the 
Cocopah  Mountains,  making  a  large  inland  s^.  The  flow  into  this 
sea  grew  less  as  the  silt  barrier  increased,  and  finally  ceased,  except 

a  This  report  ie  based  on  field  observations  made  in  Imperial  Valley  in  the  sum- 
mer of  1903. 


Digitized  by 


Gcftingle 


176  IBUIGATION   AND  DBAINAGE   INVESTIGATIONS,  1904. 

during  the  period  of  overflow,  when  a  layer  of  mud  would  be  spread 
over  the  gently  sloping  plain,  decreasing  in  size  of  particles  toward 
the  north,  and  leaving  sediment  in  fan- shaped  layers.  A  boring  for 
artesian  water  at  Imperial  has  shown  a  succession  of  these  layers 
to  a  depth  of  598  feet,  within  which  no  water  was  found.  The  soil 
consists  of  two  distinct  classes,  one  a  hard  compact  clay,  wetting 
slowly  and  becoming  plastic  and  adhesive,  found  along  New  River 
and  formed  by  backwater;  the  other  a  silt  or  loam  soil,  found  in 
a  broad  belt  in  Mexico  and  extending  along  and  to  the  east  of  Salton 
channel.  The  latter  soil  is  of  the  class  formed  by  flowing  waters,  and 
ranges  from  fine  silt  to  sand,  with  occasional  clay.  It  is  easily  till- 
able, absorbs  water  readily,  and  melts  down  quickly  with  irrigation. 
Coarse  and  sandy  in  Mexico,  it  grows  more  clayey  toward  the  sink. 

To  the  eye  most  of  the  plain  of  the  valley  appears  smooth  and  level, 
with  occasional  sagebrush  and  arrow  weed.  Where  moisture  is  plen- 
tiful arrow  weed  {PlucJiea  sericea)  grows  abundantly,  forming  dense 
groves  6  to  10  feet  high.  Around  the  salt  spring  called  Soda  Spring, 
near  the  mouth  of  San  Felipe  Creek,  a  heavy  growth  of  salt  grass 
(Disttchlis  spicata)  occurs,  accompanied  by  mesquite  {Prosopis  juli- 
flora).  Cottonwoods  {Popidus  spp.)  and  willows  {Saltx  spp.)  border 
Cameron  and  Blue  lakes  in  the  course  of  New  River.  The  creosote 
bush  (Larrea  tridentata)  is  widely  distributed.  In  the  region  of  Salton 
Sink  the  saltwort  {Siceda  sp.)  is  abundant  and  suggests  the  presence  of 
alkali. 

Late  in  the  fifties  a  bill  was  presented  to  Congress  providing  for 
national  aid  in  the  construction  of  a  canal  from  the  Gulf  of  California, 
in  Mexico,  to  Salton  Sink,  leading  the  waters  of  the  Gulf  into  the  sink 
and  making  an  inland  sea  with  an  area  of  over  500,000  acres.  It  was 
hoped  thus  to  put  an  end  to  the  hot  winds  which  blow  from  the  south 
over  the  San  Jacinto  Mountains  into  Riverside  and  West  San  Diego 
counties  and  burn  up  the  crops.  A  sea  25  miles  wide  and  60  miles 
long  would  be  substituted  for  a  barren  desert,  and  the  Gulf  breezes, 
instead  of  parting  with  their  moisture,  would  be  further  charged  by 
the  rising  vapor  from  the  inland  sea  and  carry  this  moisture  to  the 
west  side  of  the  San  Jacintos.  The  civil  war  caused  this  project  to  be 
forgotten,  but  another  way  of  moderating  the  climate,  quite  as  effect- 
ive and  more  profitable  to  the  country  if  successful,  yet  entailing 
great  risks,  was  later  worked  out,  namely,  the  conversion  of  this 
desert  into  vast  irrigated  fields,  and  it  is  with  this  that  this  brief 
report  deals. 

Colorado  River  is  about  60  miles  from  Salton  Sink.  For  years 
engineers  considered  means  for  diverting  this  river  into  Imperial 
Valley  in  the  sink,  their  plans  being  invariably  rejected  by  capital  as 
involving  too  great  risk.  In  1891  an  unusually  large  precipitation  on 
the  Colorado  Watershed  caused  the  period  of  high  water  to  be  long 
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extended^  resulting  in  the  flooding  of  thousands  of  acres  in  Mexico 
and  in  a  large  flow  into  Salton  Si-nk,  lasting  from  March  until  July. 
This  flow  was  so  great  that  the  lower  levels  of  the  sink  were  covered 
and  the  flood  found  its  way  to  Salton,  in  the  northern  end  of  the 
region.  The  luxuriant  growth  of  vegetation  that  followed  the  subsid- 
ence of  this  flood  demonstrated  the  great  fertility  of  the  soil  of  the 
valley. 

CLIMATE. 

The  situation  and  topography  of  Imperial  Yalley  lead  one  to  expect 
long,  hot  summers.  The  days  are  hot  from  May  until  September,  and 
the  glare  of  the  sun  on  the  light,  fawn-colored  earth  is  intense. 
During  June  and  July  a  southerly  breeze  in  the  evening  makes  mo§t 
of  the  nights  comfortable.  This  will  improve  with  the  wide  exten- 
sion of  vegetation.  Most  objectionable  are  the  dust  storms,  common 
during  this  season.  These  winds  are  responsible  for  the  migratory 
sand  hills,  which  in  some  instances  reach  a  height  of  30  feet.  With 
the  extensive  growth  of  trees  and  plants  these  conditions  will  improve. 

The  low  humidity  makes  the  sensible  temperature  less  than  the  ther- 
mometer suggests.  The  table  below  shows  that  the  maximum  temper- 
ature of  123^  F.  in  1902  and  121°  in  1903  occurred  in  June,  the  hottest 
throughout  California.     The  precipitation  is  insignificant. 

Following  is  a  table  of  temperatures  at  Imperial,  Cal.,  for  1902 
and  the  first  half  of  1903: 

Temperature  records  at  Imperial^  Ccd.,  190SS, 


Date. 


1902— January 

February 

March / 

April 

May 

June 

July 

•August 

September 


Maxi- 


mum,   mum. 


84 
87 
94 
109 
113 
123 
114 
114 
112 


Mini- 


Mean. 


°F. 

65 

59 

68 

74.4 

81.8 

89.8 

88.1 

90.1 

85.6 


Date. 


1902— October... 

November 

Decemt)er 
1908-nJanuary . . 

February . 

March  — 

April 

May 

June 


Maxi- 

Mini- 

mum. 

mum. 

o/l 

o/l 

96 

50 

87 

sar 

84 

32 

83 

32 

94 

26 

104 

38 

107 

60 

118 

51 

121 

66 

Mean. 


°F, 
72.4 
68.5 
58.5 
57.2 
60.7 
65 
76.2 
83.5 
90.5 


The  total  rainfall  for  1902  was  1.30  inches  and  the  mean  tempera- 
ture for  the  year  was  73.5^  F. 

HATTJEAL  WATEBWAT8. 


There  are  two  natural  waterways  into  Salton  Sink,  Alamo  River, 
sometimes  called  Salton  River,  and  New  River,  The  Alamo  receives 
its  supply,  which  is  during  overflow  only,  through  a  number  of  willow- 
fringed  channels,  which  collect  a  portion  of  the  Colorado  flood  in  the 
vicinity  of  and  below  the  international  boundary,  in  the  Rancho  Algo- 
dones,  where  thousands  of  acres  are  flooded  during  this  period.  Wind- 
ing its  way  past  Seven  Wells,  Gardners,  and  Alamo  Mocho  for  30 
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miles  in  Mexico,  it  crosses  the  boundary  into  California  at  Monument 
218,  then  meandering  northwest  through  the  sand  hills  and  in  cut  to 
Mesquite  Lake,  25  miles  distant,  the  latter  acting  as  an  equalizer  of 
the  flood  flow.  Thence  a  smaller  channel  leads  north,  winding  west- 
,  ward  below  Brawley,  and  finally  emptying  into  Salton  Sink  where  the 
water  sinks  into  the  earth,  or,  spreading  over  the  marsh,  evaporates, 
leaving  only  a  deposit  of  salt. 

A  portion  of  the  overflow  on  the  lower  Colorado  finds  its  way 
through  the  Algodones  by  the  sluggish  Rio  Padrones  into  Volcano 
Lake,  thence  by  Hardys  Colorado  to  the  Gulf  of  California.  During 
the  very  high  water  of  1890  a  portion  of  the  flood  found  its  way  from 
Volcano  Lake  north  past  the  base  of  the  Black  Buttes  (the  terminus 
of  the  Cocopah  Mountains),  in  Mexico,  cutting  its  way  to  the  bound- 
ary at  Calexico  about  8  miles  west  of  the  Alamo  crossing,  forming 
Cameron  and  Blue  lakes,  cutting  a  deep  channel  west  of  Brawley,  and 
finally  flowing  parallel  to  the  Alamo,  entering  the  sink  near  it.  A 
considerable  territory  below  the  boundary  .was  overflowed.  Before 
this  there  had  been  no  flow  to  the  north  for  sevei*al  years  and  the 
water  courses  were  clogged  with  sand.  The  first  observations  of  the 
flood  were  made  in  1890,  but  not  until  1900  were  careful  records  kept. 
The  flow  for  1892  was  small.  The  records  from  1893  to  1896,  inclusive, 
are  wanting.  In  1897  there  was  a  medium  flow,  while  for  1898  the 
flow  was  small.  The  flow  in  1899  began  July  10  and  continued  until 
September  30.  In  1900  the  flow  was  large  and  began  about  June  15. 
In  1901  a  medium  flow  commenced  June  6,  and  reached  a  maximum 
June  18.  In  1903  the  flow  commenced  June  3,  with  a  maximum  July 
10,  the  largest  since  1890. 

The  following  measurements  were  made  of  the  flow  of  New  River 

in  1908: 

Gaugings  of  New  Rivera  190S. 

Cu.  ft 
per  sec. 

Jane  22,  at  No.  S  flame  northwest  of  Imperial 150  # 

Jane  ^4,  2  miles  above  California-Mexican  boundary 293 

June  25,  1  mile  west  of  Blae  Lake 238 

July  10,  south  of  Hunt  line  in  Mexico 407 

The  measurements  made  in  Mexico  on  July  10,  1903,  show  the 
maximum  flow  for  the  season.  About  this  time  the  stream  began  to 
recede.  The  measurements  made  June  22  and  June  25  were  partially 
waste  water  from  the  main  canal.  Water  ceased  to  flow  across  the 
boundary  about  July  15.  The  ease  with  which  the  water  found  its 
Yf9Ly  into  a  barren  desert,  the  appearance  of  fish  and  waterfowl  in  the 
lakes,  and  the  growth  of  vegetation  wherever  water  had  reached 
caused  much  speculation  as  to  the  possibilities  of  this  region.  The 
press  all  over  the  West  was  writing  about  the  flooded  desert,  and 
engineers  at  once  organized  reconnaissance  parties  for  exploration. 
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ATTEMPTS  AT  SECLAHATIOIT. 

The  period  from  1893  to  1896  was  largely  one  of  discovery,  prelimi- 
nary organization,  and  enlistment  of  capital.  Numerous  parties  were 
organized  for  various  purposes.  Land  grabbers  made  desert  filings 
and  improvement  companies  advertised  to  locate  settlers  for  a  fee. 
The  fii*st  worthy  and  bona  fide  effort  at  reclamation  was  in  the  forma- 
tion of  the  Colorado  River  Irrigation  Company,  in  1893.  This  com- 
pany organized  to  divert  water  from  the  Colorado  below  Yuma  and  to 
convey  it  to  Salton  Basin  for  irrigation  and  domestic  purposes.  The 
company  never  accomplished  more  than  the  preliminary  surveys, 
owing  to  its  failure  during  the  financial  depression  of  1896.  But  the 
promise  of  large  returns  was  too  great  to  allow  this  enterprise  to  be 
forgotten,  although  there  was  in  it  a  great  element  of  risk.  In  a 
semiarid  region  some  returns  are  possible  without  irrigation.  Here 
eveiy  morsel  of  food,  every  article  of  equipment,  even  to  drinking 
water,  had  to  be  freighted  with  teams.  In  spite  of  the  risk  involved 
and  the  fate  of  the  Colorado  Irrigation  Company,  the  California 
Development  Company  was  formed  in  1896  to  bring  water  to  this  for- 
bidding district.  The  rights  of  the  Colorado  River  Irrigation  Com- 
pany were  purchased  and  a  corps  of  engineers  set  to  preparing  maps 
and  estimates.  It  was  found  necessary  either  to  convey  the  water 
through  a  tunnel  over  15  miles  in  length,  north  of  the  international 
boundary,  or  to  make  a  long  detour  southward  and  westward  through 
Mexico  and  then  northward  again  into  California.  As  the  cost  of 
such  a  tunnel  was  entirely  beyond  the  means  of  the  company ^  the  latter 
course  was  decided  upon. 

Mexican  law  provides  that  only  Mexican  corporations  shall  own  and 
control  enterprises  within  certain  distances  of  its  borders  on  the  Mex- 
ican side.  Accordingly,  a  Mexican  corporation  was  organized,  and 
this  corporation  purchased  100,000  acres  of  land  along  the  boundary 
through  which  the  canal  must  pass.  Concessions  were  obtained  fi'om 
the  Mexican  Government  canning  authority  to  proceed,  and  the  next 
step  was  to  encourage  settlement.  All  of  the  land  of  the  valley  was 
public  up  to  the  Southern  Pacific  Railroad  grant,  in  which  the  railroad 
owned  every  alternate  section.  Title  to  the  public  land  could  be 
obtained  in  two  ways — either  by  settlement  under  the  homestead  act, 
requiring  the  beginning  of  residence  after  six  months  and  its  continu- 
ance for  five  years  to  gain  title  to  160  acres — a  thing  quite  impossible 
without  water — or  by  filing  upon  320  acres  of  land  under  the  desert- 
land  act.  Under  the  latter  law  residence  is  not  necessary,  but  a  pay- 
ment of  25  cents  per  acre  is  required  when  the  application  is  filed,  and 
satisfactory  proof  of  the  expenditure  of  work  worth  at  least  $1  per 
acre  per  year  for  three  years.  To  obtain  a  patent  an  additional  pay- 
ment of  $1  per  acre  is  necessary,  together  with  satisfactory  proof  that 
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one-eighth  of  the  entire  acreage  has  been  irrigated  and  brought  under 
thorough  cultivation.  The  applicant  must  also  prove  a  perpetual 
right  to  water  from  a  reliable  source,  a  perpetual  contract  with  a  sub- 
stantial company  in  possession  of  ample  supply  being  accepted  by  the 
Government.  The  California  Development  Company  solicited  settle- 
ment according  to  this  law,  the  settler  purchasing  land  from  the  Gov- 
ernment and  entering  into  a  perpetual  contract  with  the  company  for 
one  share  of  water  stock  for  each  acre  of  land. 

AFPB0PEIATI0H8  FBOM  THE  COLORADO. 

There  was  water  in  the  Colorado,  believed  to  be  suflScient  for  the 
irrigation  of  the  entire  delta,  which,  mostly  below  sea  level,  was  easily 
irrigable  by  gravity.  On  April  25, 1899,  the  company  posted  a  notice 
filing  on  10,000  cubic  feet  of  water  per  second,  to  be  diverted  at  a 
point  1.5  miles,  more  or  less,  above  the  international  boundary  and 
to  be  conveyed  in  the  canal  to  the  previously  described  Alamo  channel 
and  by  it  carried  through  Mexico. 

The  drainage  of  the  Colorado,  according  to  the  United  States  Geo- 
logical Survey,  is  about  225,049  square  miles.  The  first  measurement 
of  the  discharge,  made  at  Stones  Ferry  August  18,  1875,  was  18,410 
cubic  feet  per  second.  March  15,  1876,  the  discharge  at  Yuma  was 
7,659  cubic  feet  per  second.  Recent  measurements  made  by  the 
United  States  Geological  Survey  at  Yuma  are: 

Ca.ft 
per  sec. 

July  10,  1896 45,533 

AuguatlS,  1901 18,683 

The  mean  discharge  for  1902  during  the  months  of  greatest  use  of 
water  was: 

Cu.  ft.  Cu.  ft 

per  sec.  -  per  sec. 

March 4,903  July 45,527 

April 6,179  August 4,183 

May 35,961  September 3,819 

June 42,520  October 4,299 

These  measurements  show  that  for  only  three  of  the  eight  months 
of  the  growing  season  was  there  in  1902  suiBcient  flow  in  the  river  to 
meet  the  claims  filed. 

The  following  will  give  an  idea  of  the  amount  of  water  used  in  1903 
as  determined  by  gaugings: 

Cu.  ft. 
per.  sec. 

May  29,  main  canal  at  boundary  bridge 492 

May  30,  east  side  below  lake 122 

June  11,  Holt  heading 27 

Total 641 

A  considerable  part  of  this  641  cubic  feet  per  second  was  wasted  at 
the  time  of  measurement,  but  this  amount  will  be  utilized  with  the 


U.  S.  Dept.  of  Agr.,  Bui.  158,  Office  of  Expt.  Stations.     Irrjg.  and  Drain.  Inv«rt. 


Plate  IV. 


Map  of  Imperial  Valley,  California. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


IRRIGATION   IN   IMPERIAL   VALLEY,   CAL.  181 

extension  of  the  system.  The  largest  estimated  flow  for  1903  was 
1,428  cubic  feet  per  second  during  the  June  flood,  only  a  portion  of 
which  went  through  the  Colorado  heading,  the  remainder  overflowing 
through  the  Algodones  into  the  Alamo.  In  filing  on  so  large  an 
amount  the  example  of  a  good  many  other  companies  was  being 
followed,  with  a  large  safety  factor. 

THE  GAHAL  SYSTEM. 

As  seen  during  the  summer  of  1902,  the  canal  system  consisted  of  the 
temporary  wooden  heading  at  Hanlon's  on  the  Colorado,  70  feet  wide, 
and  8  miles  of  excavation  and  30  miles  of  natural  channel  above  the 
crossing  at  Monument  218  (map,  PI.  IV).  Here  the  system  branches 
to  supply  the  mutual  water  companies.  Holt  canal  supplying  district 
No.  7,  a  continuation  of  the  channel  furnishing  district  No.  6,  and  a 
large  main  canal  supplying  district  No.  1  in  the  center,  district  No.  6 
on  the  west,  through  the  Wisteria  branch,  district  No.  4  by  an  exten- 
sion north,  and  district  No.  8  by  a  flume  over  New  River.  The  laterals 
as  a  rule  follow  section  lines.  The  method  adopted  for  naming  the 
laterals  is  worthy  of  mention.  They  are  usually  given  names  of  trees, 
each  system  of  laterals  in  alphabetical  order,  as.  Beach,  Birch, 
Boundary;  Dahlia,  Date,  Dogwood;  Palm,  Palmetto,  Peach,  etc.  The 
sublaterals  are  numbered  in  order  from  the  head  gates,  as,  Elder  No.  1, 
Elder  No.  2,  Elder  No.  3,  etc. 

OBOAKIZATIOlf.^ 

The  California  Development  Company  was  incorporated  in  April, 
1896,  under  the  laws  of  New  Jersey.  The  company  diverts  the  water 
of  the  system  from  the  Colorado  in  California,  about  1.5  miles  above 
the  Mexican  boundary,  and  at  the  boundary  delivers  it  to  La  Sociedad 
de  Yrrigacion  y  Torrenos  de  la  Baja  California,  the  Mexican  coi*pora- 
tion,  which  in  turn  delivers  it  to  mutual  water  companies  above 
the  boundary  at  Sharps.  These  companies  are  similar  in  organization 
to  other  mutual  water  companies  in  California,  and  are  organized  to 
own  the  distributing  systems  that  carry  the  water  from  the  main  canal 
of  the  California  Development  Company  to  the  farmers.  The  Mexican 
company  joins  the  California  Development  Company  in  contracting  to 
deliver  water  to  mutual  water  companies,  but  as  all  the  stock  of  the 

o  Since  this  report  was  written  the  conditions  of  organization  have  changed  some- 
what, but  are  not  yet  settled.  There  have  been  some  difficulties  between  the  Cali- 
fornia Development  Company  and  the  settlers,  due  to  a  failure  on  the  part  of  the 
company,  owing  to  lack  of  funds,  to  deliver  water  contracted  for,  and  to  matters 
pertai  ning  to  the  water  rights  of  the  enterprise.  It  is  the  desi  re  of  some  of  the  settlers 
to  have  the  United  States  Government  purchase  and  complete  the  system  under  the 
reclamation  act  of  1901.  By  direction  of  Congress  an  investigation  of  the  affairs  of 
the  enterprise  is  being  made  by  the  Secretary  of  the  Interior. 
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Mexican  Company  is  owned  by  the  California  Development  Company 
the  two  companies  are  practically  one,  and  according  to  the  contract 
the  mutual  companies  deal  directly  with  the  California  Development 
Company.  Another  company,  the  Imperial  Land  Company,  has  been 
organized  to  act  as  the  agent  of  the  California  Development  Company 
in  the  sale  of  water  rights,  or  mutual  water  company  stock,  and  town 
sites,  and  to  otherwise  further  the  interests  of  the  company  and  of  the 
settlers.  The  mutual  water  companies  deal  with  this  company  and 
with  the  California  Development  Company  and  the  settlers  deal  with 
the  mutual  water  companies.  The  capital  stock  of  the  California 
Development  Company  is  $1,250,000,  which  has  all  been  issued, 

WATEB  BIGHTS. 

To  obtain  water  from  the  company's  system  it  is  first  necessary  to 
purchase  a  water  right  in  the  form  of  stock  from  the  mutual  company 
in  whose  territory  the  land  to  be  irrigated  is  situated.  Stock  is  sold 
in  California  only  to  the  mutual  companies,  and  the  mutual  companies 
sell  only  to  landholders.  Every  owner  of  land  must  own  as  many 
shares  of  stock  as  he  has  acres  of  land.  This  is  a  necessary  provision 
to  prevent  speculation  and  to  insure  the  universal  use  of  water. 

The  following  is  a  synopsis  of  the  joint  contract  between  the  Cali- 
fornia Development  Company,  Sociedad  de  Yrrigacion  Terrenos  de  la 
Baja  California,  and  the  mutual  water  companies: 

EXTRACT   FROM   THE   ARTICLES  OF   AORBEMBNT   OF  THE   CALIFORNIA    DEYBLOPlfENT 

COMPANY. 

On  Jnly  24,  1901,  at  the  city  of  Los  Angeles,  a  contract  was  entered  into  between 
La  Sociedad  de  Yrrigacion  y  Terrenos  de  la  Baja  California  ( Sociedad  Anonima ) ,  party 
of  the  first  part,  organized  under  the  laws  of  the  Republic  of  Mexico,  Imperial  Water 
Company  No.  1,  party  of  the  second  part,  organized  under  the  laws  of  California, 
and  the  California  Development  Company,  party  of  the  third  part,  organized  under 
the  laws  of  New  Jersey;  wherein  first  party  agrees  upon  demand  of  second  party  to 
p^petually  deliver  to  second  party  any  amount  of  water,  not  to  exceed  4  acre-feet 
per  annum  for  each  outstanding  share:  Proiidedy  however^  That  the  amount  to  be 
delivered  shall  not  exceed  400,000  acre-feet  per  annum,  to  be  delivered  to  second 
party  at  the  point  on  the  international  boundary  line  between  the  United  States  of 
America  and  the  Republic  of  Mexico  where  main  canal,  constructed  by  first  party, 
crosses  the  line,  for  and  in  consideration  of  50  cents  per  acre-foot. 

Second  party  agrees  that  the  third  party  shall  have  exclusive  right  to  collect  all 
moneys  for  the  sale  of  stock  of  second  party  as  treasury  stock.  It  is  further  agreed 
between  the  first  and  second  parties  that  **  second  party  shall  receive  and  pay  for  not 
less  than  1  acre-foot  of  water  lor  each  share  of  its  stock  outstanding  upon  the  first  day 
of  July  of  each  year,"  and  that  the  price  of  50  cents  per  acre-foot  shall  in  no  event 
be  increased.  In  case  of  failure  of  second  party  to  make  payment,  the  first  and 
third  parties,  or  either  of  them,  may  cease  to  deliver  water  until  arrearage  is  fully  paid. 

The  California  Development  Company  agrees  to  construct  and  maintain  a  main 
canal  from  the  boundary  line  to  the  laterals  of  the  stockholders,  sufficient  to  supply 
4  acre-feet  per  annum  for  each  outstanding  share  of  stock.  In  the  event  that  the 
company  shall  fail  to  construct  canals  and  convey  water  as  agreed,  second  party  shall 

uiyiLiztJU  uy  'v.-j  v^  v^pt  iN^ 


IRKIGATION   IN   IMPERIAL   VALLEY,  OAL.  183 

have  the  right  to  enter  upon  said  canal  and  to  make  such  enlargements  and  repairs  as 
may  be  necessary  to  give  sufficient  capacity  and  shall  have  the  right  to  convey  water 
through  said  canal.  The  cost  of  same  shall  be  a  claim  against  party  of  the  third  part. 
The  Development  Company  agrees  to  construct  a  system  of  distributing  ditches  in  such 
manner  as  to  convey  the  waters  from  said  canal  to  a  point  upon  each  governmental 
subdivision  of  160  acres  of  land,  from  which  it  is  practicable  to  irrigate  the  same  by 
gravity.  Laterals  and  ditches  as  soon  as  completed  are  turned  over  to,  and  are 
thereafter  owned  and  controlled  by,  the  mutual  water  companies  upon  acceptance  by 
an  authorized  representative  or  engineer.  The  amount  of  water  to  be  delivered  at 
the  boundary  line  by  first  party  shall  be  increased  2  per  cent  to  allow  for  seepage 
and  evaporation. 

The  term  "acre-foot"  of  water  shall  be  construed  to  mean  43,560  cubic  feet  of 
water. 

The  company  further  agrees  to  keep  the  system  in  good  repairs,  and  to  deliver  the 
aforesaid  amount  of  w^ater,  but  said  party  shall  not  be  held  responsible  for  failure  to 
deliver  the  water  from  any  cause  beyond  its  control,  but  shall  exercise  due  dili- 
gence in  protecting  the  system  of  canals,  and  in  restoring  and  maintaining  the  flow 
of  water  therein. 

It  is  finally  agreed  that  for  the  faithful  performance  of  all  the  terms  and  conditions 
of  this  agreement,  severally  to  be  performed,  the  first  and  third  parties  do  each  per- 
petually guarantee  such  performance  by  the  other,  and  do  severally  and  perpetually 
bind  themselves  to  said  second  party  that  such  performance  be  made. 

This  final  clause  results  in  practice  in  the  California  Development 
Company  having  the  entire  management  of  the  head  works  and  main 
canals  in  California  and  Mexico. 

The  contract  is  fair,  concise,  and  positive,  binding  the  seller  and 
user  alike,  and  showing  good  faith  on  the  part  of  the  Development 
Company. 

IHPEBIAL  WATEB   GOHPAHT    NO.   1,  A  TYPE  OF  MUTUAL 
WATEB  GOHPAITT. 

Of  the  mutual  water  companies.  Imperial  Water  Company  No.  1 
has  the  oldest  organization,  and  after  it  have  been  fashioned  all  of  the 
others.  Therefore  it  will  be  considered  in  detail  as  a  type  of  the 
mutual  companies.  Its  present  articles  of  incorporation,  filed  Sep- 
tember 25,  1900,  state  the  purpose  of  the  company  to  be  as  follows: 

(1)  To  secure  a  supply  of  water  for  irrigation,  domestic,  and  other  purposes  from 
La  Sociedad  de  Yrrigacion.  y  Terrenos  de  )a  Baja  California  (Sociedad  Anonima); 
(2)  to  distribute  water  at  cost  to  stockholders  only  on  lands  owned  by  them  in  the 
prescribed  boundary;  (3)  to  construct  conduits  for  distribution;  (4)  to  utilize  power 
and  to  do  any  and  all  other  acts  that  may  be  necessary  in  connection  with  the  suc- 
cessful management  of  the  principal  objects  for  which  the  corporation  is  formed; 
(6)  the  amount  of  capital  stock  is  11,000,000,  divided  into  100,000  shares  of  the  par 
value  of  $10  each. 

The  board  of  directors  elects  a  superintendent,  who  has  entire  charge 
of  the  systems  and  their  maintenance.  He  has  personal  supervision  of 
the  mains  and  laterals,  and  is  the  mediator  between  the  company  and 
the  user  of  water.  His  salary  is  $200  per  month.  His  duties  are 
arduous  and  require  an  intimate  acquaintance  with  irrigation  practice. 
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The  zanjeros,  or  ditch  tenders,  are  appointed  by  and  are  amenable  to 
the  superintendent,  to  whom  they  report  daily  at  the  oflBlce  in  Imperial. 
Each  zanjero  inspects  his  division  of  canal  daily,  observing  and  regu- 
lating the  flow  in  the  laterals  and  the  amount  going  to  each  user.  The 
zanjeros  receive  $80  to  $90  per  month,  with  a  house  furnished. 

Imperial  Water  Company  No.  1  has  an  area  of  nearly  100,000  acres 
under  canals,  over  2,600  of  which  were  under  irrigation  in  1903.  The 
surface  of  this  land  is  in  general  a  smooth,  apparently  level,  gently 
sloping  plain,  admirably  adapted  to  irrigation.  Vegetation  is  scarce 
or  entirely  absent.  By  the  use  of  parallel  borders  with  length  in  the 
direction  of  the  greatest  slope  the  settlers  have  been  able  to  apply 
irrigation  with  but  little  leveling.  Exception  must  be  made  for  the 
lands  sloping  to  Mesquite  Lake  in  the  northeast  corner,  where  there 
is  a  high  gradient  and  the  land  is,  as  a  rule,  badly  gullied.  The 
natural  situation  of*  Mesquite  Lake  makes  it  admirably  adapted  for^ 
a  sump  into  which  the  surplus  water  from  the  irrigated  fields  may 
flow.  The  canals  are  constructed  6  feet  wide  and  1.5  feet  deep  for 
160  acres,  and  14  feet  wide  and  1.5  feet  deep  for  640  acres.  The  com- 
pany assumed  that  the  land  should  receive  4  acre-inches  in  ten  days,  1 
acre-foot  in  thirty  days,  and  4  acre-feet  in  one  hundred  and  twenty 
days.  For  alfalfa  it  is  assumed  that  4  acre-feet  will  be  required 
during  a  season  of  eight  months. 

COST  OF  WATEB  BIGHTS. 

To  encourage  settlement  and  also  to  procure  needed  funds  for  con- 
struction, the  California  Development  Company  sold  stock  carrying 
water  rights  in  advance  of  its  ability  to  deliver  water.  The  price  of 
this  first  stock  was  reduced  from  $10  per  share  to  $8.75,  and  a  further 
reduction  was  made  by  giving  a  drawback  of  $3,  in  company  bonds, 
for  each  of  the  first  50,000  shares  issued.  These  bonds  were  receiv- 
able in  payment  of  final  installments  on  the  stock,  thus  reducing  the 
cost  of  the  50,000  shares  to  $5.75  per  share.  Since  these  shares  were 
sold  the  price  of  stock  has  been  constantly  on  the  increase.  October 
15,  1900,  and  continuing  to  October  1,  1901,  the  selling  price  was 
$11.25.  From  October  1,  1903,  to  June  1,  1904,  it  was  $15.  On  this 
latter  date  it  reached  $20,  payable  $5  in  cash  and  the  balance  in  five 
yearly  installments. 

IMPEBIAL  WATEB  COMPANY  NO.  4. 

Imperial  Water  Company  No.  4  was  incorporated  to  irrigate  17,500 
acres  of  land  adjoining  that  of  Imperial  Water  Company  No.  1  on  the 
north  and  including  the  rest  of  the  territory  between  the  Alamo  and 
New  rivers.  Water  is  supplied  by  an  extension  of  main  canal  No.  1 
from  a  point  in  sec.  36,  T.  16  S.,  R.  13  E.,  and  known  as  the  Bay  Win- 
dow.    From  there  it  flows  north  with  a  fall  of  0.07  to  0.35  foot  per 
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1,000  for  14.5  miles,  then  running  northeast  for  1.5  miles  to  the  land 
watered  by  this  company.  When  measured  at  the  turn  on  June  4, 
1903,  the  width  was  16.6  feet  and  the  discharge  was  49  cubic  feet  per 
second.  There  is  a  deplorable  lack  of  good  canals  in  district  No.  4. 
Those  that  are  there  were  made  with  a  wing  plow  drawn  across  the 
virgin  plain  and  finished  with  the  "V"  scraper.  As  a  result  much 
trouble  has  been  experienced  and  much  time  has  been  consumed  in 
trying  to  sluice  them  out  to  useful  form,  in  many  cases  the  lateral  not 
giving  satisfaction  until  enlarged  with  other  implements.  The  struc- 
tures, too,  were  faulty  in  pattern  and  construction  and  it  has  usually 
been  necessary  to  replace  them  after  a  considerable  loss  of  time  and 
expense.  The  land  in  district  No.  4  is  naturally  adapted  to  irrigation, 
having  a  slope  of  3  to  12  feet  per  mile  to  the  northeast,  with  few  hum- 
mocks or  sand  dunes  and  but  little  mesquite  brush.  The  soil,  which 
varies  from  a  coarse  to  fine  loam,  with  a  little  clay,  is  readily  cultivable 
and  promises  large  yields.  The  gradual  slope  to  the  Alamo  makes 
drainage  easy,  when  found  desirable,  as  it  probably  will  be  in  the 
course  of  time. 

Centrally  located  in  district  No.  4,  and  12  miles  north  of  Imperial, 
is  the  town  of  Brawley,  which  promises  to  be  the  center  of  districts  4 
and  8.  The  town  is  unique  in  its  buildings,  which  are  almost  all 
"  dobies,"  their  material  being  made  on  the  spot  by  turning  the  water 
from  the  ditch  onto  the  place  to  become  cellar,  molding  the  bricks  from 
the  mixture,  drying  in  the  sun,  and  cementing  the  walls  with  the  wet 
material  directly  from  the  earth.  These  structures,  not  easily  affected 
by  outside  temperatures,  are  cool  in  summer  and  may  be  kept  warm 
in  winter;  an  overhanging  roof  protecting  alike  from  the  sun  and  ero- 
sion by  rain. 

IMPEEIAL  WATEB  COMPANY  NO.  8. 

Imperial  Water  Company  No.  8  was  formed  to  irrigate  40,000  acres 
of  land  on  the  west  side  of  New  River,  northwest  of  Imperial  and  join- 
ing district  No.  4  on  the  west.  The  slope  is  greatest  to  the  north  and 
the  district  is  to  be  irrigated  by  a  supply  ditch  running  north  and 
south,  with  east  and  west  laterals  every  mile.  The  main  canal.  Tama- 
rack, which  was  in  process  of  construction  when  visited  in  July,  1903, 
is  supplied  by  the  same  main  as  district  No.  4,  having  its  source  just 
below  the  turn  in  section  18  in  the  northwest  comer  of  district  No.  1, 
and  leading  thence  over  New  River  by  a  6-foot  flume.  It  is  proposed 
eventually  to  get  a  supply  by  damming  New  River  west  of  Imperial. 
If  this  is  done  extensive  flood  gates  must  be  provided  to  allow  for  the 
overflow  from  the  Colorado  by  way  of  Volcano  lakes,  which,  July  10, 
1903,  when  measured  above  the  boundary  line,  amounted  to  2,678 
cubic  feet  per  second.    A  portion  of  district  No.  8  is  dotted  with  hum- 
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mocks  12  to  20  feet  high,  which  it  would  seem  could  not  be  profitably 
leveled. 

Imperial  Water  Company  No.  8  is  a  bonded  company.  The  Impe- 
rial Construction  Company  purchased  from  the  California  Develop- 
ment Company  all  the  stock  of  Imperial  Water  Company  No.  8  and 
undertook  the  construction  of  the  distributing  system.  The  water 
stock  is  paid  for  with  the  bonds  of  the  mutual  company.  These  bonds 
run  for  twenty  years  from  January  1,  1903,  with  interest  at  6  per 
cent  per  annum,  payable  semiannually  in  January  and  July  of  each 
year.  The  yearly  payments  begin  January  1,  1908,  at  the  rate  of  $1 
per  share,  and  continue  until  1928,  when  the  final  payment  will  be 
due.  The  Imperial  Construction  Company  guarantees  to  complete  the 
system  and  turn  it  over  to  Imperial  Water  Company  No.  8  free  of 
indebtedness  other  than  the  bonded  debt  of  $20  per  share  of  stock 
soli  The  agreement  provides  that  besides  the  payment  of  25  cents 
per  acre,  required  by  the  Government  as  the  first  payment  on  the  land, 
$1  per  acre  shall  be  paid  for  bonds.  Water  Company  No.  8  has  been 
called  the  poor  man's  friend  because  the  initial  payment  is  small,  but 
many  settlers  do  not  look  with  favor  on  the  long  protracted  payments. 

IMPEBIAL  WATEB  COMPANY  NO.  6. 

Imperial  Water  Company  No.  6  was  incorporated  to  irrigate  25,000 
acres  of  land  contiguous  to  the  Mexican  line  and  between  New  River 
and  Signal  Mountain.  This  body  of  land  is  supplied  with  water  by  a 
flume  over  New  River  at  a  point  in  Mexico  known  as  the  Z  4  crossing, 
whence  the  flow  is  through  Wisteria  canal.  At  the  time  of  this 
inquiry  there  was  no  cultivation  in  district  No.  6. 

SEEPAGE. 

In  the  arid  region  where  irrigation  is  practiced  the  soil  is,  as  a  rule, 
pervious  and  deep,  allowing  the  leakage  or  seepage  from  the  canals 
and  the  surplus  from  overirrigation  to  sink  into  the  sand  with  no 
harmful  effects  at  the  surface.  Ordinary  sand  will  absorb  25  to  50 
per  cent  of  its  bulk  of  water,  and  if  30  to  60  feet  deep,  as  is  often  the 
case  in  the  great  interior  valleys,  it  is  plain  that  an  immense  quantity 
can  be  stored  before  making  its  appearance  on  the  surface.  The  soil 
conditions  in  Imperial  Valley  are  unusual.  The  soils  are  clay  and  fine 
silt  from  Colorado  River,  the  coarser  materials  carried  by  the  river 
having  been  deposited  on  the  higher  land  in  Mexico.  An  irregularity 
of  strata  prevails  on  the  surface  and  beneath.  A  particular  type, 
for  example  a  clay,  may  have  perfectly  definite  limits.  A  common 
form  is  that  which  assumes  the  shape  of  a  lake  with  a  definite  line 
of  division  between  sand  and  clay.  All  the  conditions  would  sug- 
gest that  this  was  once  a  lake  into  which  the  silt-laden  waters  had 
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flowed  until  the  surface  was  raised  above  the  surrounding  country, 
after  which  the  lake  was  cut  off  from  the  supply  stream  by  the  shift- 
ing sand.  The  hard  winds  are  a  universal  leveler  and  tend  to  pare 
down  in  one  place  and  to  build  up  in  another.  The  less  adhesive 
particles  are  rapidly  carried  away,  leaving  the  clay  standing  above 
the  general  level.  Through  all  of  these  types  water  seeps  slowly  but 
constantly,  both  horizontally  and  verticall3^  The  hot  sun  warms  the 
soil,  tending  to  accelerate  the  flow.  That  which  remains  on  the  sur- 
face tends  to  deflocculate  or  destroy  the  porosity,  reducing  aeration 
and  resulting  in  a  stunted  plant  growth.  The  best  conditions  are 
where  the  soil  spaces  are  half  filled  with  air  and  half  with  water. 

Before  the  building  of  canals  water  remained  in  Cameron  and  Blue 
lakes  for  long  periods  of  time  after  the  cessation  of  flow  in  New  River 
in  July. 

In  passing  through  the  soil,  water  dissolves  the  salts,  which  are  pres- 
ent in  these  alluvial  deposits  as  a  result  of  rock  disintegration,  from 
which  they  are  derived.  Evaporation  of  the  water  causes  them  to 
precipitate  and  to  be  deposited  on  the  surface  as  alkali.  The  deposits 
may  increase  from  year  to  year  suflSciently  to  preclude  plant  growth. 
The  results  of  seepage  in  Imperial  Valley  were  noted  particularly 
along  several  of  the  laterals.  A  deposit  was  found  on  the  surface  of 
the  ground  along  the  side  of  one  of  the  canals  10  to  20  feet  from  the 
banks.  The  deposit  had  a  dark,  greasy  appearance,  and  when  touched 
to  the  tongue  was  strongly  biting  and  corrosive.  An  analysis  of  this 
deposit,  made  by  Dr.  R.  H.  Loughridge,  of  the  University  of  Cali- 
fornia, showed  it  to  contain  a  high  percentage  of  calcium  chlorid,  one 
of  the  most  harmful  salts.  Similar  deposits  were  observed  on  other 
laterals.  On  the  east  side  lateral  in  the  Holt  district  a  portion  of  the 
canal  is  cut  through  a  stiff  clay,  which,  when  wet,  shows  great  solu- 
bility and  sinks  or  runs  together,  leaving  great  holes.  In  the  lower 
stretches  of  this  district  there  is  a  hardpan  of  cemented  sand  which 
disintegrates  at  once  when  water  is  applied,  becoming  loamy,  owing 
to  the  fact  that  the  cementing  material  is  soluble. 

The  losses  from  the  canals,  which  in  part  are  the  cause  of  this 
deposit,  were  measured  in  a  number  of  instances  during  the  summer 
of  1903 — namely,  on  Birch,  Beach,  Dahlia,  Dogwood,  Holt,  and  Rose 
laterals.     The  results  of  these  measurements  are  given  below: 

Seepage  measurements  iii  Imperial  Valley ^  190S, 

[In  cubic  feel  per  second.] 

BIRCFI    LATERAL,  JUNE   16. 

Inflow:  Near  head  gate 17. 75 

Outflow :  Four  miles  below  head  gate 16.  75 

Loss  in  section 1. 00 

Loss  per  mile 25 

Percentage  of  loss 5. 63 

Percentage  of  loss  per  mile ^^  41       t 
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BIRCH    LATERAL,  JUNE  23. 

Inflow:  Head  gate 24.46 

Outflow:  Three  miles  below  head  gate 23.86 

Loss  in  section 59 

Loss  per  mile 20 

Percentage  of  loss 2. 41 

Percentage  of  loss  per  mile 80 

BEACH  LATERAL,  JUNE  23. 

The  channel  of  Beach  lateral  is  flat,  sandy,  and  weedy,  with  2  miles 
in  embankment. 

Inflow:  Near  head  gate 7. 12 

Outflow:  Weed's  ranch,  6.5  miles  below 4. 37 

Loss  in  section 2. 75 

Loss  per  mile 42 

Percentage  of  loss 38.62 

Percentage  of  loss  per  mile 5. 90 

DAHLIA  LATERAL,  JUNE  7. 

The  first  half  of  the  section  is  in  a  slight  cut,,  with  the  remainder 
silted  somewhat,  especially  in  the  last  2  miles. 

Inflow:  Near  head  gate 45.40 

Outflow:  9.5  miles  below 36.45 

Loss  in  section 8. 95 

Loss  per  mile 94 

Percentage  of  loss 19. 70 

Percentage  of  loss  per  mile 2. 07 

DOGWOOD   LATERAL,  JULY   8. 

This  lateral  was  in  poor  condition,  with  deposit  of  silt  inside  and 
levees  partially  weedy. 

Inflow:  Near  head  gate 22.60 

Outflow:  Six  miles  below 16. 88 

Loss  in  section 5.72 

Loss  per  mile 95 

Percentage  of  loss 25. 32 

Percentage  of  loss  per  mile 4. 22 

HOLT  LATERAL,  FIRST  SECTION. 

The  soil  which  this  lateral  passes  through  is  irregular,  with  strata  of 
oilt  and  clay. 

Inflow:  Below  head  gate 27.28 

Outflow:  Five  miles  below 24. 44 

Loss  in  section 2.84 

Loss  per  mile * 57 

Percentage  of  loss 10.00 

Percentage  of  loss  per  mile 2. 00 
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HOLT   LATERAL,  8BG0ND  SBCTION. 

The  soil  along  this  section  is  a  coarse  silt. 

Inflow;  Near  Hickory 12.92 

Outflow:  3.5  miles  below,  at  Raymonds  Comer 11. 82 

Loss  in  section 1. 10 

Loss  per  mile 31 

Percentage  of  loss 8. 51 

Percentage  of  loss  per  mile » 2. 40 

BOSS   LATERAL,  FIRST  SECTION. 

Inflow:  Below  head  gate 36. 56 

Outflow:  Six  miles  below,  near  Imperial  Road 32.01 

Loss  in  section 4.54 

Loss  per  mile 75 

Percentage  of  loss 12. 42 

Percentage  of  loss  per  mile 2. 07 

ROSE   LATERAL,  SECOND   SECTION. 

Inflow:  Below  head  gate 24. 54 

Outflow:  4.75  miles  below 23.32 

Loss  in  section '. 1. 22 

Loss  per  mile 26 

Percentage  of  loss 4. 97 

Percentage  of  loss  per  mile 1. 05 

HETHODS  OF  LEVELHrO  LAND.'' 

The  land  in  Imperial  Valley  has  a  uniform  grade  of  2  to  6  feet  per 
mile.  This  would  seem  to  be  a  very  satisfactory  grade  for  the  appli- 
cation of  water,  but  the  presence  of  "  mesquite^mines,"  sagebrush,  and 
greasewood  on  the  tops  of  hummocks  makes  the  land  hard  to  level. 
The  most  satisfactory  implement  yet  adopted  for  removing  sagebrush 
is  an  old  railroad  rail  bent  in  a  V  shape  and  hauled  over  the  ground  by 
a  team  at  each  end,  which  breaks  off  the  shrubs  or  tears  them  out  by 
the  roots.  For  leveling  the  land,  a  number  of  kinds  of  implements  are 
used,  each  adapted  to  particular  conditions. 

THE  SGBAPEB. 

This  implement  is  in  great  favor  in  Imperial  Valley,  both  for  level- 
ing land  and  digging  laterals.  It  is  strong,  portable,  and  has  a  wide 
range  of  use.  It  loads  quickly,  loses  but  little  in  hauling,  and  after 
the  load  is  dumped,  the  team  may  be  turned  quickly.  For  the  larger 
hummocks  this  is  the  only  implement  practicable. 

<>  For  a  more  complete  description  of  the  methods  of  leveling  and  preparing  land 
in  Imperial  Valley  and  elsewhere,  see  U.  8.  Dept.  Agr.,  Office  of  Experiment  Sta. 
Bui.  145. 
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THE  LEVEUSB. 

Where  the  hummocks  are  not  high  and  are  more  or  less  uniform  in 
size  they  can  be  more  cheaply  and  more  quickly  smoothed  by  other 
means  than  by  the  use  of  the  scraper.  An  implement  in  favor  in 
Imperial  Valley  for  this  work  is  the  rectangular  leveler.  This  imple-  y 
ment  consists  of  a  rectangular  frame  30  feet  long  and  12  feet  wide,  made 
of  4  by  12  inch  timbers,  preferably  Oregon  pine.  The  leveler  resem- 
bles a  sled  in  construction,  the  30-foot  timbers  corresponding  to  run- 
ners, and  the  12-foot  timbers,  six  in  number  and  spaced  6  feet  apart, 
corresponding  to  crosspieces.  The  leveler  is  hauled  from  one  end,  the 
six  crosspieces,  which  should  be  shod  on  their  wearing  sides  with  f  by 
4  inch  steel  plates,  acting  as  scrapers  and  leveling  down  the  hummocks. 
The  fourth  crosspiece  from  the  front  is  attached  to  hangers  in  such  a 
way  as  to  be  free  to  be  moved  up  and  down  by  means  of  levers,  by 
means  of  which  this  crosspiece  can  be  made  to  cut  more  deeply  than  do 
the  others.  This  machine  weighs  from  1,600  to  2,000  pounds  and 
requires  16  horses.     It  is  an  effective  implement. 

THE  FLANEK. 

This  implement  is  very  satisfactory  for  use  on  slightly  uneven  ground,  v 
It  is  composed  of  a  horizontal  or  base  timber  4  by  12  inches,  and  a  ver- 
tical back  2  by  18  inches.  The  timbers  are  held  together  by  the  exten- 
sion of  the  steel  plate  with  which  the  base  is  shod,  and  also  by  i  by  ^V 
inch  straps  from  the  toe  of  the  base  to  a  point  near  the  top  of  the  ver- 
tical back.  The  base  is  beveled  toward  the  front  and  shod  with  plate 
steel  to  make  it  take  dirt.  Each  end  extends  1  foot  beyond  the  end  of 
the  vertical  portion,  and  to  this  extension  is  bolted  a  footboard.  Out- 
side of  and  below  the  footboards  are  the  iron  hangers  to  which  the 
team  is  attached.  On  each  footboard  stands  a  driver  of  four  animals, 
and  the  two  drivers  together  govern  the  action  of  the  planer.  On 
approaching  a  mound  the  drivers  stand  on  the  forward  end  of  the  foot- 
boards, depressing  the  blade.  As  the  planer  moves  forward  a  layer  of 
earth  is  shaved  off  and  gradually  scattered  by  the  drivers  standing  on 
the  rear  of  the  footboards.  The  team  may  be  quickly  turned  and  the 
mound  again  approached.  The  manipulation  is  easy,  simple,  and  effect- 
ive. The  planer  is  of  especial  value  in  conjunction  with  the  leveler. 
When  the  large  machine  has  removed  the  brush  and  pared  down  the 
major  part  of  the  hummocks  the  remaining  part  may  be  quickly  removed 
by  the  planer.  In  this  way  the  land  may  be  more  cheaply  prepared 
than  by  the  use  of  the  railroad  iron  and  scraper. 

THE  '<  A"  OKOWBEB.. 

There  are  several  devices  in  use  for  making  borders  or  levees — the    * 
scraper,  the  wing  plow,  and  the  A  crowder,  each  having  particular 
merits    The  scraper,  while  admirably  adapted  for  moving  earth  short 
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distances  or  in  slight  elevation,  does  not  have  a  continuous  process. 
Besides,  it  lifts  the  dirt,  when  crowding  or  shoveling  would  accom- 
plish the  same  result  more  economically.  The  wing  plow  takes  advan- 
tage of  this  principle,  crowding  the  dirt  by  means  of  a  long  moldboard. 
For  small  borders  the  wing  plow  accomplishes  the  same  results  as  the 
scraper  more  cheaply  and  quite  as  satisfactorily.  Although  the  wing 
plow  has  the  advantage  of  continuous  process,  there  is  a  considerable 
loss  of  power  by  the  pressure  against  the  land  side  to  overcome  the 
pressure  of  the  moldboard.  There  is  the  additional  objection  that 
the  wing  plow  makes  a  border  which  is  too  sharp  and  abrupt  to 
travel  over  with  machinery.  The  A  crowder  gives  a  continuous  proc- 
ess, utilizes  a  portion  of  the  power  lost  with  the  wing  plow  by  com- 
pensating pressure  from  either  side,  and  at  the  same  time  makes  a 
more  desirable  border.  The  crowder  is  made  by  placing  2  by  16  inch 
timbers  on  edge  with  12.6  feet  between  them  at  the  front  and  3.5  feet 
between  them  at  the  rear.  This  implement  draws  the  dirt  in  from 
the  strip  12.5  feet  wide  and  leaves  it  in  a  ridge  behind.  On  each  side 
are  three  rows  of  vertical  4  by  4  inch  timbers  4  feet  long,  to  which 
the  cross  and  angle  braces  are  bolted,  giving  the  strength  necessary 
to  overcome  the  heavy  side  draft  in  crowding  the  earth.  Steel  plates 
f  by  6  inches  line  the  inside  along  the  bottom  from  end  to  end,  to 
resist  the  wear  from  constant  rubbing.  At  the  rear  is  a  20 -foot 
extension  2.6  feet  wide  attached  to  and  working  as  a  hinge  on  the 
rear  of  the  crowder  and  governed  by  a  lever.  By  raising  and  lower- 
ing this  lever  the  top  of  the  border  may  be  made  smooth  and  com- 
pact. On  the  front  of  the  crowder  are  bolted  stout  wear  irons,  to 
which  14  to  16  horses  are  hitched.  The  driver  rides  on  the  front. 
A  strip  of  earth  along  the  line  of  the  proposed  levee  is  plowed  and 
the  crowder  following  makes  a  medium  border  by  going  over  once. 
If  a  more  compact  levee  is  wanted  the  process  is  repeated.  By  rais- 
ing the  chains  on  the  front  to  which  the  horses  are  hitched  the  height 
of  the  levee  may  be  further  increased.  It  is  usually  about  2.5  feet 
wide  on  the  top  and  18  inches  high,  with  a  slope  of  2  to  1.  A  single 
plow  in  one  cut  fills  the  furrow  on  either  side.  A  plat  of  150  acres 
was  provided  with  borders  100  feet  apart  in  a  day.  For  the  con- 
struction of  temporary  borders  the  chain  on  the  side  which  is  to  be 
the  inside  of  the  levee  is  fastened  12  inches  from  the  bottom,  and  on 
the  other  side  only  6  inches  from  the  bottom.  The  machine  has  its 
;]freatest  usefulness  on  long,  straight  borders  such  as  are  customary  in 
Imperial  Valley,  where  the  grade  is  regular  and  gradual.  The  lines 
for  the  borders  are  usually  laid  out  with  a  surveyor's  instrument. 

THE  USE  OF  THE  SOBAPEB  IN  MAKING  IiATEBALS. 

In  California  the  scraper  is  used  almost  exclusively  in  canal  work, 
and  the  usefulness  of  this  implement  is  well  demonstrated  by  the  fact 
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that  where  it  is  properly  handled  it  will  move  the  most  dirt  for  the 
least  amount  of  money  and  at  the  same  time  leave  a  channel  of  the  best 
form.  For  the  use  of  beginners  and  those  not  familiar  with  the  use 
of  this  implement  the  following  description  of  the  method  of  construct- 
ing a  small  lateral  is  here  inserted.  The  lateral  described  is  one 
which  was  observed  in  the  process  of  actual  construction  in  Imperial 
Valley. 

The  land  on  the  place  under  consideration  is  a  fine  sandy  loam  with 
a  small  amount  of  clay  and  a  surface  slope  of  3  to  4  feet  per  mile. 
The  ditch,  when  finished,  is  to  be  6  feet  wide  on  the  bottom  and  14 
feet  wide  on  the  top,  with  banks  1.5  feet  above  the  ground  surface 
and  ditch  bottom  6  inches  below  the  level  of  the  ground.  The  banks 
are  to  be  2  feet  wide  on  top,  with  inside  slope  of  2  feet  horizontal  to  1 
foot  vertical  and  outside  slope  of  1  foot  horizontal  to  1  vertical.  In 
making  the  lateral  the  first  thing  to  do  is  to  lay  out  its  position,  which 
in  Imperial  Valley  is  done  by  dividing  the  land  into  squares  pai-allel 
to  section  lines.  A  strip  6  feet  wide  is  then  plowed  throughout  the 
length  of  the  lateral,  which  is  to  be  the  bottom.  Eight  feet  on  either 
side  of  this  strip  are  plowed  two  other  6-foot  sections  which  are  to 
supply  earth  for  the  banks. 

Now  the  scraper  is  brought  into  service.  First  a  load  is  taken  from 
the  side  section  and  hauled  till  dumped  for  bank.  Then,  while  driving 
in  the  same  direction,  a  load  is  taken  from  the  middle  section  and 
dumped  as  a  beginning  of  the  opposite  bank.  The  team  is  then  turned 
and  the  process  repeated,  but  from  the  opposite  direction,  and  this 
working  back  and  forth  is  continued  until  the  embankments  have  the 
desired  height,  with  all  of  the  loose  earth  removed  from  the  middle. 
In  this  way  the  team  is  kept  almost  constantly  in  useful  work  instead 
of  spending  a  large  part  of  the  time  walking  back  with  an  empty 
scraper  for  another  load.  If  the  scraper  is  skillfully  managed  the 
embankment  will  be  perfectly  regular  and  the  plowed  earth  will  all 
be  removed  from  the  sides  and  center.  By  dragging  a  V  on  either 
side  of  the  banks  any  irregularities  maj'^  be  leveled. 

THE  USE  OF  WATEB. 

At  the  time  of  this  investigation  the  conditions  were  not  auspicious 
for  a  study  of  the  use  of  water.  The  country  was  new  and  only  a 
small  portion  of  the  land  was  under  irrigation.  The  water  first  ran  in 
the  laterals  in  June,  1900,  and  before  this  time  both  water  and  feed 
had  to  be  hauled  for  long  distances.  Since  the  introduction  of  water, 
progress  and  immigration  have  been  very  rapid. 

An  observation  of  the  growth  of  crops  was  made  on  the  ranch  of 
the  Calexico  Cattle  Company,  situated  1.5  miles  northeast  of  Calexico, 
on  sections  4  and  9.     The  soil  on  the  ranch  is  a  deep  loam  or  clay  of 
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great  fertility  and  shows  no  appearance  of  objectionable  salts.  Most 
of  the  soil  has  no  grit,  which  suggests  that  the  soil  particles  are  exceed- 
ingly fine.  The  water  supply  is  had  from  Birch  lateral.  It  was  found 
impossible  at  this  time  to  determine  the  amount  of  water  necessary 
for  the  various  crops,  but  observations  show  that  the  very  fertile  soil 
combined  with  the  warm  days  and  mild  nights  made  the  summer 
growth  rapid  and  luxuriant.  The  fine  texture  of  the  soil,  causing  per- 
colation to  be  slow,  combined  with  the  excessive  evaporation,  makes 
it  necessary  to  apply  water  frequently,  but  in  small  amount.  Any 
excess  on  the  surface  became  so  warm  as  to  destroy  vegetation. 

The  following  table  gives  data  as  to  the  irrigation  of  crops  on  this 
ranch  and  notes  as  to  their  condition: 

Crop  data  for  ranch  of  Calexico  Cattle  Company. 


Plat 
No. 

Crop. 

Number 
of  irriga- 
tions. 

Remarks. 

1 
2 

Milo  maize 

Millet 

6 
6 

4 

6 

4 
6 

6 
5 

4 

3 
4 

5 
6 
6 

4 

6 

6 
8 

8 

7  feet  high;  heavy  stalk  and  head. 

4  feet  high;  heavy  hay,  giving  4  tons  per  acre. 

Extra  heavy  stand,  yielding  1.5  tons  per  acre,  and  forage  for 

cattle;  sandy  soil. 
One  crop  of  hay,  2  tons  per  acre;  used  for  pasture  the  rest  of  the 

time;  thickened  much. 
4  feet  high  and  fairly  good  head;  not  very  successful. 
7  feet  high  and  good  forage  crop;  eaten  in  preference  to  com  by 

cattle. 

6  feet  high  with  large  heads;  would  ron  about  1.5  tons  per  acre. 
Better  stand  than  other;  6  feet  high  with  good  heads  and  well- 

fllled  grain. 
4  feet  high  with  heavy  head  and  good  for  seed  or  hay;  eaten 

clean  bv  cattle. 
Three  full-grown  crops,  5  feet  high,  all  grazed  by  cattle;  old 

sorghum  stubble. 
Part  -WRS  old  stubble  from  year  before  and  part  resown;  better 

than  year  previous,  which  ran  1.25  tons  per  acre. 
Average  yield  of  6  feet;  good  stand  for  cattle  feeding;  all  grazed 

Planted  middle  of  July,  which  was  too  late  for  same,  but  made  a 

good  forage  crop  for  cattle,  and  was  about  4  feet  hish. 
Sown  early  and  was  the  heaviest  crop  on  the  ranch,  or  in  the 

vicinity;  ran  2  tons  per  acre,  and  the  stalks  left  for  forage; 

well  filled, 
Sown  August  1;  too  late;  did  not  head  much,  but  made  fair  forage; 

height,  4  feet;  not  time  to  mature. 
Height  10  to  12  feet;  no  way  to  average  the  tonnage,  as  it  was  fed 

to  cattle,  but  was  heavy. 

7  feet  high;  10  tons  of  stalk  per  acre. 

Now  has  height  of  20  inches  and  a  stand  which  will  run  about  4 
tons  per  acre  when  cut  for  hay. 

Good  stand  of  grain  for  late  sowing  and  for  t^ie  amount  of  irriga- 
tion given;  it  is  the  only  fully  matured  crop  made  on  three 
irrigations. 

Not  a  success  on  account  of  too  late  sowing,  and  the  water  being 
allowed  to  stand  on  the  ground  after  the  first  irrigation. 

3 
4 

AUalfa 

5 
6 

Kafir  com 

SorBThum ......... 

7 
8 

10 

Egyptian  com.... 
Kafir  com 

Millet 

11 

Sorghmn 

12 
18 

Egyptian  com.... 
Sorghmn 

14 
15 

16 
17 

18 

MUomalTO 

Egyptian  com.... 

sorghum. 
Milo  maize 

Sorghum    .......  T 

19 

Barley 

20 
21 

Egyptian  com.... 
Millet 

It  was  observed  that  crops  require  less  water  the  second  year  than 
the  first.  Most  crops  were  irrigated  six  times.  In  but  one  case  was 
a  crop  matured  with  three  irrigations. 


AaUATIG  VEOETATIOlf . 

The  canals  and  laterals  in  Imperial  Valley,  especially  those  of  least 
grade,  are  subject  to  clogging  by  the  aquatic  growth  that  thrives  with 
considerable  luxuriance  in  the  hot  climate  of  the  valley.    Among  the 
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weeds,  cat-tail  {Typhi  latifolia)^  often  called  tale,  is  by  far  the  most 
troublesome  in  this  locality.  It  finds  an  ideal  habitat  in  the  slow- 
flowing,  silt-laden  waters  of  the  Colorado,  and  has  been  found  to 
almost  completely  clog  and  choke  a  lateral  in  two  years.  The  only 
method  yet  devised  of  clearing  channels  in  such  a  condition  is  to  stop 
the  flow,  and  while  the  ditch  bottom  is  still  wet  dig  the  cat-tails  out 
with  sharp  shovels.  A  less  expensive  way  where  practical  is  to  turn 
out  the  water,  and  when  the  ditch  is  dry  enough  mow  and  remove  the 
tules  and  plow  and  scrape  out  the  roots,  and  with  them  the  collected 
silt.  Another  method  of  removing  weeds  is  dragging  a  heavy  chain 
up  the  channel,  a  team  hitched  to  each  end.  The  weeds,  already  bent 
downstream  by  the  flow,  are  broken  off  near  the  roots  and,  floating 
down,  are  dragged  out  with  grappling  hooks  as  they  collect  in  the 
drops  below  or  in  the  small  laterals.  Care  must  be  taken  that  the 
drops  are  kept  clear  to  avoid  backing  up  of  the  water,  causing  breaks 
in  the  ditch  banks.  In  some  parts  of  Imperial  Valley  the  weeds  on  the 
banks  are  more  trouble  than  those  in  the  streams.  If  the  banks  are 
smooth  and  regular,  the  weeds  can  be  mowed.  This  is  necessary  two 
or  three  times  a  season. 

The  users  of  water  on  the  Birch  lateral  have  organized  the  Birch 
Ditch  Company  for  the  purpose  of  keeping  the  lateral  free  from  vege- 
tation. The  company  has  issued  one  share  of  stock  for  every  acre  of 
land,  which  is  assessed  quarterly  for  an  amount  suflScient  to  meet  the 
expense  incurred.  The  board  of  three  directors,  elected  annually, 
elect  a  chairman  and  meet  quarterly,  at  which  time  the  ditch  must  be 
free  of  weeds,  each  director  having  in  charge  one-third  the  length. 
The  ditch  must  be  freed  from  sand  bars,  willows,  tules,  and  arrow- 
weed  for  a  distance  of  10  feeton  either  side  from  the  base  of  the  levee. 
The  directors  are  paid  for  the  time  they  are  actually  engaged  in  super- 
intending the  work.  The  constitution  states  that  "the  ditch  shall  be 
cleaned  and  kept  clean." 
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ENDURANCE  OF  DROUGHT  IN  SOILS  OF  THE 
ARID  HEGION.* 

By  E.  W.  HiLQABD  and  R.  H.  Louohbidob. 


The  exceptionally  dry  season  of  1897-8,  coupled  with  the  early  cessa- 
tion of  rains  in  the  spring  of  1897,  have  brought  about,  in  California,  a 
more  extended  failure  of  cereals  and  pasturage,  and  shallow-rooted  crops . 
generally,  than  in  any  year  since  the  State  became  a  prominently 
agricultural  one;  the  season  of  1876-7  being  the  nearest  to  carry  with  it 
a  similar  deficiency  in  crap  production.  It  has  been  the  effort  of  the 
California  Experiment  Station  to  utilize  the  past  unusual  season  for  the 
study  of  the  limits  of  endurance  of  drought  on  the  part  of  the  several 
crop  plants,  and  with  it  to  determine  the  minimum  of  water  that  will 
suffice  for  their  satisfactory  growth  in  the  several  soils.  This  work 
(involving  many  hundreds  of  determinations  of  moisture  in  soils)  is,  of 
course,  far  from  completed,  but  has  already  yielded  some  important 
results  which  may  serve  to  provide  against  a  recurrence  of  avoidable 
injury  in  the  future. 

Amount  of  Water  Required  by  Crops. — It  is  not  very  generally  under- 
stood how  large  an  amount  of  water  is  required  for  the  production  even 
of  fair  crops;  for  the  maximum  of  possible  product  is  rarely  obtained 
on  the  large  scale,  because  it  is  not  often  that  all  conditions  are  at  their 
best  at  any  one  time  and  locality.  But  from  numerous  observations, 
made  both  in  Europe  and  in  the  eastern  United  States,  it  has  been 
found  that  from  three  hundred  to  over  five  hundred  tons  of  water  are, 
on  the  average,  required  to  produce  one  ton  of  dry  vegetable  matter. 
In  Wisconsin,  King  found  that  a  two- ton  crop  of  oat  hay  required  over 
one  thousand  tons  of  water  per  acre,  equal  to  about  nine  inches  of  rain- 
fall. The  average  rate  for  field  crops  at  large  is  given  by  European 
observers  at  three  hundred  and  twenty-five  times  the  weight  of  dry 
matter  produced,  being  at  the  rate  of  about  three  inches  of  rainfall 
actually  evaporated  through  the  plant. 

These  data  should  enable  us  to  estimate  the  adequacy  of  the  mois- 
ture contained  in  the  soil  at  the  beginning  of  the  dry  season,  to  mature 
the  crop;  provided  we  make  due  allowance  for  any  growth  already 
made  at  the  time,  and  provided  also  that  the  estimates  as  to  the  water- 
requirements  derived  from  the  experience  of  the  countries  of  summer 
rains  (the  humid  regions)  hold  good  for  the  arid  region  also.  Whether 
or  not  this  can  be  assumed,  is  among  the  points  our  experiments  are 

*  Partially  published  as  Bulletin  No.  121. 
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designed  to  determine.  The  surprisingly  successful  growth  and  bear- 
ing especially  of  deciduous  trees,  without  irrigation,  despite  a  drought 
of  five  or  six  months  in  the  "Franciscan  climate,"*  has  led  to  an 
impression  that  a  less  amount  of  water  may  suilice  under  arid  con- 
ditions. For  in  the  East,  as  many  weeks  of  drought  and  intense  heat 
would  frequently  suffice  to  destroy  the  crop. 

PROBABLE   CAUSES   OF  THIS   ENDURANCE   OP   DROUGHT. 

Deep  Rooting. — Doubtless  the  main  cause  of  this  remarkable  endurance 
is  to  be  found  in  the  much  deeper  rooting  of  all  plants  in  arid  climates; 
whereby  not  only  a  much  larger  bulk  of  moist  soil  is  at  their  com- 
mand, but  the  roots  are  withdrawn  from  the  injurious  effects  of  the  hot, 
dry  surface  and  air. 

This  deeper  range  of  the  roots  is  not  the  result  of  foresight  on  the 
part  of  the  plant.  It  could  not  occur  on  Eastern  soils,  because  of  the 
intervention,  in  the  great  majority  of  cases,  of  difiicultly  penetrable 
subsoils;  from  which,  moreover,  plants  could  draw  but  little  nourish- 
ment on  account  of  their  "rawness."  In  the  arid  region,  as  a  rule, 
subsoils  in  the  Eastern  sense  do  not  exist;  the  soil-mass  is  practically  the 
same  for  several  feet,  and  in  the  prevalent  soils  is  very  readily 
penetrable  to  great  depths.  This,  summarily  speaking,  is  due  to  the 
slight  formation  of  clay,  and  the  rarity  of  heavy  rains,  in  the  arid 
region.  And  this  easy  penetrability  of  the  soil  implies,  moreover,  that 
being  well  aerated,  the  depths  of  the  ^oil  are  not  "raw,"  as  in  the  East; 
and  tberefore  that  the  "subsoil,"  such  as  it  is,  may  fearlessly  be  turned 
up  as  deeply  as  the  farmer  is  willing  to  go  with  the  plow,  without 
danger  of  injuring  the  next  season's  crop,  in  all  lands  that  are  well 
drained;  as,  by  reason  of  their  depth  and  perviousness,  is  the  case  with 
most  California  soils.  The  accompanying  photograph  (plate  1) 
taken  at  Niles,  Alameda  County,  illustrates  from  nature  the  deep  pene- 
tration of  a  peach  root  developing  in  a  normally  deep,  well-aerated 
"bench"  soil,  in  a  manner  quite  impossible  to  the  same  root  when 
growing  in  land  underlaid,  as  are  most  Eastern  ones,  by  a  subsoil 
which  either  is  too  dense  or  too  wet  to  be  penetrated  and  utilized  by 
the  tree.  But  beyond  this,  we  have  the  well-authenticated  testimony 
of  intelligent  fruit-growers  to  the  effect  that  in  digging  wells  in  the 
sandy  or  silty  "low  mesa"  lands,  they  have  found  the  unmistakable 
roots  of  their  cherry  and  prune  trees  at  depths  respectively  of  twenty- 
one  and  twenty-four  feet.  It  thus  ceases  to  be  a  wonder  that  the  decidu- 
ous fruits  of  the  East  can  at  so  many  points  in  California  be  grown 
without  irrigation  through  the  long  summer's  drought.  The  deep- 
rooting  of  an  orange  tree  at  the  Southern  California  substation  (plate 
8)  and  of  an  almond  tree  in  Yolo  County  (plate  13)  are  shown  on  pages 
15  and  27. 

A  glance  at  the  figures  annexed  suffices  to  show  that  while  a  root- 
system  like  plate  2,  a  typical  Eastern  tree  root  (from  a  photograph  by 
Prof.  King  of  the  University  of  Wisconsin)  will  stand  in  absolute  need  of 
frequent  rains  or  irrigation  to  sustain  its  vitality,  such  a  one  as  plate  1 
may  brave  prolonged  drought  with  impunity,  be  independent  of  surface 

*  This  name  has  been  felicitously  applied  by  Powell  to  the  climate  of  middle  and 
southern  California,  which  is  characterized  by  the  concentration  of  rains  within  a 
winter  which  is  mild  enough  to  constitute  a  growing  season,  while  the  summer  is  prac- 
tically rainless. 
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conditions,  and  able  to  perform  all  its  functions  out  of  reach  of  stress 
from  lack  of  moisture.*  It  is  equally  clear  that  it  is  to  the  farmer's 
interest  to  favor,  to  the  utmost,  this  deep  penetration  of  the  roots,  both 
in  the  preparation  and  tillage  of  the  ground,  and  in  the  use  of  irrigation 


water.     For  if  the  latter  is  used  too  frequently  or  too  abundantly,  the 
salutary  habit  of  deep-rooting  will  be  abandoned  by  the  plant,  and  it 

♦The  moisture  determination  under  this  tree  gave,  to  the  depth  of  8  feet,  6.6  per 
cent,  or  an  aggregate  amount  of  water  of  1,058  tons  per  acre. 
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will,  as  in  the  East,  be  dependent  upon  frequent  rain  or  irrigation;  and 
also,  owing  to  the  small  bulk  of  soil  upon  which  it  can  draw  for  its 
nourishment,  upon  frequent  and  abundant  fertilization. 

Eastern  emigrants  as  well  as  a  large  proportion  of  California  farmers 
do  not  realize  the  privilege  they  possess  of  having  a  triple  and  quad- 
ruple acreage  of  arable  soil  under  their  feet,  over  and  above  the  area  for 
which  their  title-deeds  call;  and  they  tenaciously  continue  to  adhere  to 
precautions  and  practices  which,  however  salutary  and  necessary  in  the 
region  of  summer  rains,  do  not  apply  to  this  climate. 

Shallow  Plowing;  Plowaole. — The  shallow  plowing  so  persistently 
practiced  results  in  the  formation  of  a  **plowsole''  that  plays  the  part 
of  the  Eastern  subsoil  in  preventing  root  penetration;  limiting  their 
range  for  moisture  and  plant-food,  and  thus  naturally  causing  crops  to 
succumb  to  a  slight  stress  of  season  which  ought  to  have  passed  without 
injury,  had  the  natural  conditions  been  taken  into  proper  consideration. 

That  the  formation  of  this  plowsole  is  more  apt  to  occur  in  some 
lands  than  in  others,  is  a  fact  familiar  t6  all.  It  should  be  specially  . 
remembered  that  while  clay  loams  and  clays  ("adobe")  are  most 
quickly  injured  in  that  way,  especially  when  plowed  too  wet,  yet  con- 
tinuous plowing  to  the  same  depth,  year  after  year,  will  in  the  end 
produce  the  same  result  in  all  but  the  most  purely  sandy  lands.  A 
close  watch  should  be  kept  upon  this  point  by  every  one,  and  the  sub- 
soiler  or  coulter  run  with  or  after  the  turning  plow  alternate  years,  or 
every  three  or  four  years,  according  to  the  nature  of  the  land.  No  doubt 
many  farmers  in  this  State  will  be  able  to  recall  examples  of  apparently 
unaccountable  failures  of  the  crop  of  one  farmer,  while  a  near  neighbor 
did  not  suffer;  and  of  fields  divided  only  by  a  lane  or  fence,  having  identical 
soil  and  treated  alike  in  all  but  this  respect;  in  one  case,  the  gang  plow 
year  after  year  to  three  inches  depth,  in  the  other  the  use  of  a  sub- 
soiler,  or  heavy  chisel  cultivator,  to  five  or  six  inches  depth,  following 
the  plow  annually  or  biennially. 

The  bedrock  lands  of  Sacramento  County,  whose  clay  subsoil  must 
be  dynamited  to  make  orchard  trees  grow  thriftily,  illustrate  very  well 
the  condition  of  things  brought  about  by  the  formation  of  a  plowsole. 
Roots  will  do  a  great  deal  to  help  themselves  to  the  needful  moisture, 
if  they  are  but  given  a  chance.  The  efl'ect  of  a  naturally  existing 
hardpan  upon  the  development  of  the  root-system  of  trees  is  well 
shown  in  plate  3,  the  photograph  of  a  tree  at  the  Southern  Coast 
Range  substation  near  Paso  Robles,  which  after  several  years'  struggle 
for  existence  finally  succumbed  during  the  dry  season  of  1898.  It  illus- 
trates tellingly  the  case  of  numerous  young  orchards  throughout  the 
State,  which  having  been  planted  on  land  underlaid  by  stifi"  clay  or 
hardpan,  languish  or  succumb  after  apparently  doing  well  for  three  or 
four  years. 

The  "irrigation  hardpan"  much  discussed  of  late,  is  simply  a  plow- 
sole  still  more  compacted  by  irrigation. 

Penetration  of  the  Roots  of  Herbaceous  Plants. — The  subject  of  deep 
penetration  of  roots  in  arid  climates  is  of  such  fundamental  importance 
in  determining  their  proper  agricultural  practice,  that  it  will  be  proper 
to  give  additional  illustrations  showing  that  the  same  rule  applies  to 
herbs  as  well  as  to  trees,  and  to  culture  plants  derived  from  humid 
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climates  as  well.  To  gain  definite  data  in  respect  to  native  herbs,  a 
number  of  excavations  were  made  under  the  supervision  of  Mr.  J.  Burtt 
Davy,  Assistant  Botanist  of  the  Station,  with  the  special  object  of  follow- 
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PLATE  2.    Root  op  an  Eastern  (Wisconsin)  Feuit  Tbee. 
(Photograph  by  Prof.  F.  H.  King.) 

ing  down  the  main  roots  to  their  extreme  depths  of  penetration.  While 
it  would  have  been  desirable  to  obtain  full  photographic  views  of  the 
root-systems  by  washing-out,  as  has  usually  been  done  elsewhere,  the 
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PLATE  4.    DsKP-RooTiNG  OP  Native  Califobnia  Oooskfoot  and  Figwobt. 


Digitized  by  VjOOQIC 


—  8  — 

great  depths  required,  and  the  difficulty  of  bringing  water  to  the  spots 
selected,  without  excessive  expense,  have  compelled  us  to  restrict  our 
actual  search  to  the  leading  roots  only ;  carefully  following  and  remov- 
ing them  from  the  soil-mass,  so  as  to  make  it  possible  to  photograph 
them  outside  of  the  excavation,  which  would  have  become  excessively 
costly  if  so  enlarged  as  to  permit  of  taking  the  picture  in  situ. 

The  annexed  plate  (No.  4)  shows  the  main  roots  of  two  native  peren- 
nial weeds,  the  California  goosefoot  {Chenopodium  Calif omicum)  and 
the  California  figwort  {Scrophularia  Calif ornica),  both  common  in  the 
coast  ranges.  The  location  was  on  the  lower  westward  slope  of  the  hills 
within  the  University  grounds;  the  soil  a  heavy  clay  loam  or  **  black 
adobe  "  resulting  from  the  weathering  of  the  clay  shale  bedrock,  frag- 
ments of  which  are  abundantly  intermixed  with  the  subsoil  especially; 
so  that  from  the  eighth  foot  down,  excavation  became  quite  difficult,  as 
the  roots  had  to  be  followed  laboriously  in  their  meanderings  among 
them.  The  soil-mass  was  therefore  by  no  means  one  easy  of  penetration, 
as  would  have  been  the  case  in  the  more  usual  sandy  or  powdery  soils 
of  the  arid  region.  Yet  here  we  find  that  the  main  root  of  the  goosefoot 
went  below  the  depth  of  eleven  feet  (at  least  six  inches  farther  down, 
but  too  fine  to  be  taken  out);  and  judging  by  their  thickness,  several 
other  roots  went  to  nearly  similar  depths. 

The  main  root  of  the  figwort,  also,  was  pursued  below  the  depth  of 
ten  feet,  where  it  forked  into  two  thin  branches  impossible  to  preserve 
for  photographing,  but  evidently  continuing  to  several  inches  additional 
depth.  This  proves  clearly  that  the  great  penetration  of  the  goosefoot 
was  not,  as  might  have  been  suggested,  due  to  its  bulbous  root;  yet  it  is 
true  that  such  thickening  of  the  roots  just  below  the  crown  is  rather  a 
common  feature  in  arid-region  plants,  and  can  here  be  noted  even  in 
that  of  the  figwort,  within  whose  botanical  relationship  bulbous  roots 
are  almost  unknown.  * 

It  was  noteworthy  that  the  stem  and  leaf  growth  of  these  two 
perennial  weed  plants  had  been  absolutely  unaffected  by  the  prevailing 
drought,  being  from  two  to  three  feet  high  in  both  cases,  as  usual.  This 
was  easily  understood  when  it  was  noted  that  at  the  depth  of  ten  feet 
the  ground  was  still  so  moist  from  the  rains  of  former  years  that  it  was 
plastic  between  the  fingers;  the  current  year's  drought  having,  after 
practically  sixteen  months'  absence  of  rains  wetting  the  ground  to  more 
than  a  few  inches  depth,  penetrated  to  about  four  feet  only.  The  per- 
centage of  moisture  at  each  foot  is  given  elsewhere  in  this  report. 

In  an  excavation  made  by  Mr.  Davy  for  the  root-ends  of  the  California 
poppy  {Eschscholtzia)  in  the  seashore  sands  off  San  Francisco,  it  was 
found  that  the  yellow,  rope-like,  soft  roots  remained  entirely  destitute 
of  nourishing  fibrils  for  several  feet,  and  that  while  the  main  roots  did  not 
end  at  five  feet,  lateral  roots  terminated  in  finger-like  branches  such  as 
are  likewise  found  in  certain  extremely  drought-enduring  composites 
during  their  bloom.  That  such  fleshy  fingers  form  an  absorbent  surface 
less  liable  to  injury  from  drought  than  the  delicate  root-hairs,  is  obvious. 

The  Behavior  of  the  Cereal  Grasses  in  this  respect  being  of  special 
interest,  an  excavation  was  made  alongside  of  a  stalk  of  corn  (plate  5) 
forming  part  of  a  patch  which  had  been  planted  after  the  last  light 
shower  in  May;  in  order  to  "  bring  it  up  "  it  was  given  a  slight  irriga- 
tion at  the  time  of  planting,  but  nothing  afterwards.     It  is  a  well-known 
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fact  that  good  crops  of  corn  are  frequently  made  in  California  from  corn 
planted  under  these  conditions,  with  not  a  drop  of  rain  after  planting; 
and  the  plate  annexed  shows  a  case  in  point.  It  will  be  noted  that  the 
uppermost  roots  at  first  developed  in  the  moist  ground  as  they  would  in 


1 
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PLATE  6.    Corn  Grown  Without  Rain  or  Irrigation  after  Planting. 

the  regions  of  summer  rains,  only  with  much  more  of  a  vertical  ten- 
dency. But  within  a  few  weeks  these  clustered  roots  were  surrounded 
by  airdry  soil,  and  could  not  have  supported  the  plant  but  for  the  rapid 
downward  growth  of  a  comparatively  limited  number  of  fibrous  roots, 
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which  supplied  the  moisture  from  the  depths  of  the  subsoil  at  five  or  more 
feet;  while  the  upper  roots,  as  is  also  known  (from  the  experiments  of 
Sachs  and  Henrici),  continued  to  serve  nutrition  from  the  airdry  soil  to 
a  limited  extent.  A  very  good  crop  of  well-grown  ears  was  the  outcome 
of  this  experiment;  which  is  repeated  on  a  farming  scale  annually 
throughout  the  State.  It  is  an  excellent  illustration  of  the  statement 
often  made  by  us,  that  in  the  arid  region  the  subsoil  is  of  more  impor- 
tance than  the  surface  soil,  save  with  very  abundant  irrigation. 

Perhaps  the  most  extreme  cases  of  drought-endurance  by  plants  not 
natives  of  the  arid  region,  are  exhibited  by  oats  and  barley,  which  are 
inclined  to  remain  tenaciously  as  weeds  on  ground  once  occupied  by 
these  crops.  They  may  then  be  seen  to  maintain  not  only  life,  but  suffi- 
cient thriftiness  for  the  formation  of  healthy  though  usually  small-sized 
seed,  when  connected  with  the  ground  by  a  single  fine  root-fiber;  as 
shown  in  plate  6,  representing  an  oat  plant  growing,  among  many  simi- 
lar ones,  in  the  vineyard  nursery  on  the  University  grounds,  in  the 
heavy  black  ** adobe"  land.  In  this  soil  it  is  extremely  difficult  to  fol- 
low such  fine  fibers  even  with  a  spray  of  water,  the  clods  between  and 
within  which  the  roots  make  their  way  being  apt  to  break  them  before 
softening  by  the  water.  They  certainly  penetrated  to  the  depth  of  a 
foot  at  least,  and  .probably  farther,  since  the  toil  was  airdry  almost  to 
that  depth,  and  very  hot  within  the  first  few  surface  inches.  It  will  be 
noted  that  this  plant  had  no  less  than  five  fruiting  stems,  similar  to  the 
ear  shown  in  the  photograph.  How  this  single  hair-like  root  could 
maintain  all  these  in  active  vegetation,  is  somewhat  difficult  to  under- 
stand from  our  ordinary  experience.  It  will  be  noted  in  the  figure  that 
it  shows  a  remarkable  development  of  something  like  a  tuberous  root- 
crown;  this  is,  however,  an  aggregate  of  a  number  of  short  fleshy  roots, 
resembling  the  air-roots  of  the  lower  joints  of  maize;  each  terminating 
in  a  blunt  point,  from  which  at  the  first  opportunity  of  reaching  moist 
ground,  pencils  of  fibrous  rootlets  begin  to  develop.  But  it  is  not  easy 
to  see  what  other  beneficial  end  they  could  subserve  so  long  as  arid  con- 
ditions continue. 

Precisely  the  same  condition  of  things  has  been  observed  by  us  in  the 
case  of  barley;  perhaps  even  to  a  more  extreme  degree,  in  a  soil  more 
heav3'  and  intractable  than  that  of  the  University  grounds,  with  even 
more  abundant  stooling,  and  the  bearing  of  well -developed  and  ripened 
seed.  On  this  account  it  has  taken  five  or  six  years  to  extirpate  barley 
from  a  well-cultivated  vineyard  which  had  last  borne  a  crop  of  that  grain. 

On  the  same  land,  which  in  summer  is  traversed  by  wide  and  deep 
fissures  (suncracks)  unless  kept  covered  by  at  least  seven  inches  of  well- 
tilled  soil,  sweet  corn  planted  after  the  last  rain  and  when  only  shallow 
cultivation  was  possible,  has  given  a  fair  crop  of  ears;  some  of  the  plants 
having  their  roots  bared  by  the  cracking  to  the  depth  of  ten  or  twelve 
inches,  but  while  curling  up  their  leaves  during  the  day  continuing  to 
grow  and  even  bear  small  ears,  while  connected  with  the  moist  subsoil 
by  a  single,  fiber,  just  as  in  the  case  of  the  oat  plant  shown  in  plate  6. 

Any  one  accustomed  to  the  cornfields  of  the  middle  West,  where  in 
the  after-cultivation  of  corn  it  is  necessary  to  restrict  the  depth  of  tillage 
very  carefully  to  avoid  bringing  up  a  mat  of  fibrous  roots,  to  the  injury 
of  the  coming  crop,  will  be  impressed  by  the  remarkable  adaptability  of 
maize  to  different  climatic  conditions,  as  shown  in  the  above  cases.  It  is 
perhaps  equally  surprising  that  in  Southern  California  especially,  in  the 
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PLATE  fl.    Oat  Plant  Gbowic  without  Rain  or  Irrigation,  after  the  Last 
Shower  Brought  it  Up. 
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PLATE  7.    Root  System  of  Saltbush.    Paso  Robles. 
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deep,  powdery  "low  mesa"  or  bench  soils,  corn  stalks  so  tall  that  a  man 
standing  on  horseback  can  barely  reach  the  tassel,  are  quite  commonly 
grown  under  similar  conditions. 

As  regards  the  common  cereals,  the  facts  above  given  render  it  intelli- 
gible that  a  very  slight  difference  in  the  time  of  sowing,  or  in  the  nature 
of  the  subsoil,  may  readily  result  in  the  total  failure  of  one  field  crop, 
while  its  neighbor  across  the  lane,  having  had  time  to  reach  the  moist 
subsoil  just  ahead  of  the  drought,  may  yield  a  normal  crop. 

Native  Annuals. — Mr.  Davy  also  examined  the  root  habit  of  a  number 
of  native  annuals;  among  them  that  of  Lotus  Americanus,  a  common 
wild  plant  and  weed  in  the  coast  ranges.  The  main  roots  of  this  legume 
were  found  to  reach  to  the  depth  of  over  five  feet,  in  a  sedimentary  soil 
consisting  of  three  feet  of  silty  soil  underlaid  by  black  "adobe,"  a 
heavy  swamp  clay,  in  which  water  is  found  at  the  depth  of  about 
fifteen  feet. 

A  number  of  introduced  weeds,  notably  the  bur  clover  {Medicago 
dentic\data)y  the  tocalote  {Centaurea  melitensis),  and  the  white  pigweed 
(Antarantus  a^&us),  which  are  common  as  "  summer  weeds,"  are  most 
tenacious  of  life  under  conditions  of  extreme  drought;  a  single  root 
fiber  remaining  in  connection  with  the  subsoil  being  sufficient  to  enable 
them  not  only  to  maintain  life,  but  to  bloom  and  fruit  abundantly,  so 
as  to  thoroughly  seed  the  land  for  the  next  season.  The  indifference 
with  which  these  small  weeds  that  persist  during  the  dry  season,  are 
regarded  by  farmers  who  are  very  particular  about  keeping  their  fields 
clean  in  spring,  results  in  an  enormous  weed  crop  that  could  easily 
have  been,  avoided  by  timely  prevention. 

Roots  Follow  Moisture. — Very  striking  examples  of  deep  rooting,  as 
the  result  of  vertical  moisture  penetration,  can  also  be  observed  in  some 
of  our  native  trees,  which,  while  naturally  at  home  on  moist  ground,  are 
nevertheless  sometimes  found  forming  luxuriant  clumps  on  the  slopes 
and  even  summits  of  our  coast  ranges  and  foothills.  If  we  examine 
the  ground  where  this  occurs  in  the  case  of  California  laurel,  we  will 
generally  find  that  the  soil  in  which  they  grow  is  underlaid  by  slate  or 
shale  standing  on  edge^  into  the  crevices  of  which  the  roots  penetrate, 
wedging  them  open;  while  themselves  flattening  out,  and  thus  pene- 
trating to  moisture  at  considerable  depths.  The  same  may  be  observed 
in  the  case  of  the  erect  "  bedrock "  or  foothill  slates  of  the  Sierra,  on 
which  native  as  well  as  fruit  trees  flourish  in  very  shallow  soils,  some- 
times reaching  permanent  moisture  at  the  depth  of  ten  or  more  feet 
below  the  surface.  It  can  readily  be  observed  during  rains  that  there 
is  comparatively  little  run-off  from  the  surface  of  these  lands  underlaid 
by  vertical  shales. 

On  the  same  principle,  the  grapevines  which  bear  some  of  the  choicest 
raisins  of  Malaga  on  the  arid  coastward  slopes,  are  made  to  supply  them- 
selves with  moisture,  without  irrigation,  by  opening  around  them  large> 
funnel-shaped  pits,  which  remain  open  in  winter  so  as  to  catch  the  rain, 
causing  it  to  penetrate  downward  along  the  tap-root  of  the  vine,  in  clay 
shale  quite  similar  to  that  of  the  California  coast  ranges,  and  like  this 
latter,  almost  vertically  on  edge.  Yet  on  these  same  slopes  scarcely  any 
natural  vegetation  now  finds  a  foothold. 

Similarly  the  "  ryots  "  of  parts  of  India  water  their  crops  by  applying 
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to  each  plant  immediately  around  the  stem  such  scanty  measure  of  the 
precious  fluid  as  they  have  taken  from  wells,  often  of  considerable 
depth,  which  form  their  only  source  of  water-supply.  Perhaps  in  imita- 
tion of  these,  an  industrious  farmer  has  practiced  a  similar  system  on 
the  high  benches  of  Kern  River,  and  has  successfully  grown  excellent 
fruit  for  years,  on  land  that  originally  would  grow  nothing  but  cactus. 
Sub-irrigation  from  pipes  has  been  applied  in  a  similar  manner. 

The  principle  flowing  from  the  above  is  simply  that  the  most  econom- 
ical mode  of  using  irrigation  water  is  to  put  it  "where  it  will  do  the 
most  good,"  close  to  the  stem  of  the  plant  or  trunk  of  the  tree,  and  let  it 
soak  downward  so  as  to  form  a  moist  path  for  the  roots  to  follow  to  the 
greatest  possible  depth.  It  is  this  deep  penetration  to  natural  moisture, 
as  a  matter  of  fact,  which  enables  the  small  quantities  supplied  to  pro- 
duce such  marked  efiects.  This  can  be  observed  strikingly  in  the  case 
of  the  '*  summer  weeds  "  that  come  up  after  the  crop  is  laid  by.  Those 
coming  up  early  will  have  time  to  follow  the  moisture  down  and  survive 
all  summer;  while  those  coming  up  even  two  or  three  days  later  will 
just  fall  short  of  being  able  to  keep  pace  with  the  drying  of  the  soil,  and 
after  a  short  struggle  will  give  up  the  fight  and  die  out.  A  very  trifling 
amount  of  water  put  in  the  right  place  would  enable  these  weeds  to 
reach  down  and  maintain  themselves  through  the  season  on  the  natural 
supply. 

BaHn  Irrigation, — It  will  be  noticed  that  this  principle  is  practically 
the  same  as  that  of  the  basin  irrigation  of  orchards,  which  was  originally 
largely  practiced  in  California,  but  has  now  been  mostly  abandoned  for 
furrow  irrigation.  The  latter  has  been  almost  universally  adopted, 
partly  because  it  requires  a  great  deal  less  hand-labor,  partly  under  the 
impression  that  the  whole  of  the  soil  of  the  orchard  is  thus  most  thor- 
oughly utilized;  partly  also  because  of  the  injurious  effect  upon  trees 
produced  at  times  by  basin  irrigation. 

The  explanation  of  such  injurious  effects  is,  essentially,  that  cold 
irrigation  water  depresses  too  much  the  temperature  of  the  earth  imme- 
diately around  the  roots,  and  thus  hinders  active  vegetation  to  an 
injurious  extent,  sometimes  so  as  to  bring  about  the  dropping  of  the 
fruit.  This,  of  course,  is  a  very  serious  objection,  to  obviate  which  it 
might  be  necessary  to  reservoir  the  water  so  as  to  allow  it  to  warm 
before  being  applied  to  the  trees.  In  furrow  irrigation  the  amount  of 
soil  soaked  with  the  water  is  so  great  that  the  latter  is  soon  effectually 
warmed  up;  besides  not  coming  in  contact  too  intimately  with  the  main 
roots  of  the  tree,  along  which  the  water  soaks  very  readily  when  applied 
to  the  trunk,  thus  afiecting  their  temperature  much  more  directly.  It  is 
for  the  fruit-grower  to  determine  which  consideration  should  prevail  in 
a  given  case.  If  the  water-supply  be  scant  and  warm,  the  most  efiectual 
use  that  can  be  made  of  it  is  to  apply  it  immediately  around  the  tree,  in 
a  trench  dug  or  plowed  for  the  purpose.*  When,  on  the  contrary,  irri- 
gation water  is  abundant  and  its  temperature  low,  it  will  be  preferable 
to  practice  furrow  irrigation,  or  possibly  even  flooding.  As  a  compromise, 
the  water  may  be  applied  in  two  deep  furrows  run  parallel  to  the  rows 

♦This  is  a  wholly  different  matter  from  the  irrational  practice  of  banking  up  around 
the  tree,  by  means  of  the  plow,  a  square  basin  in  which  when  filled  with  water  the  trunk 
is  flooded,  and  the  soil  surface  compacted  so  as  to  result  in  subsequent  rapid  e^apora^ 
tion,  unless  cultivated  by  hand,  as  it  would  usually  have  to  be.  The  true  basin  method 
fills  up  the  ditch  with  loose  earth,  which  prevents  evaporation. 
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PLATE  9.    Obamgk  Tree  Showing  Root  Peketration. 
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at  four  or  five  feet  distance.  The  latter  practke  has  brought  a,bout  the 
deep-rooting  of  orange  trees  at  the  Southern  California  substation  exem- 
plified in  the  accompanying  plate  (No.  8). 

To  those  who  are  located  in  or  near  the  foothills  and  are  apt  to  receive 
their  irrigation  water  at  a  temperature  not  far  above  that  at  which  it 
left  the  high  Sierra,  this  is  a  very  serious  consideration.  Many  a  time 
there  have  come  to  the  Station  complaints  of  an  unaccountable  dropping 
of  fruit,  or  injury  to  field  crops,  which,  when  investigated,  were  directly 
traceable  to  the  use  of  cold  irrigation  water,  at  a  time  when  the  trees 
or  crops  were  in  full  growth.  As  the  same  ditch  may  at  different  times 
supply  him  warm  or  cold  water,  according  to  the  use  made  of  it  before 
it  reaches  the  lower  level,  the  irrigator  should  use,  if  not  a  thermometer, 
at  least  his  hand  and  a  good  slice  of  common  sense,  to  determine 
whether  or  not  he  is  running  a  risk  of  injury  by  applying  it  directly  to 
his  land. 

As  to  the  more  complete  use  claimed  to  be  made  of  the  soil  in  flooding 
and  furrow  irrigation,  it  must  be  remembered  that  while  this  is  the 
case  in  a  horizontal  direction,  yet  unless  irrigation  is  practiced  rather 
sparingly  under  the  furrow  system,  it  may  easily  happen  that  the  gain 
made  horizontally  is  more  than  ofi'set  by  a  corresponding  loss  in  the 
vertical  penetration  of  the  root-system. 

This  is  amply  apparent  in  some  of  the  irrigated  orange  groves  of 
Southern  California,  where  the  fine  roots  of  the  trees  fill  the  surface 
soil  as  do  the  roots  of  maize  in  a  corn  field  of  the  Mississippi  States; 
so  that  the  plow  can  hardly  be  run  without  turning  them  up  and 
under.  In  these  same  orchards  it  will  be  observed,  in  digging  down, 
that  at  the  depth  of  a  few  feet  the  soil  is  too  water-soaked  to  permit  of 
the  proper  exercise  of  the  root  functions,  and.  that  the  roots  existing 
there  are  either  inactive  or  diseased.  That  in  such  cases  abundant 
irrigation  and  abundant  fertilization  alone  can  maintain  an  orchard  in 
bearing  condition,  is  a  matter  of  course;  and  there  can  be  no  question 
that  a  great  deal  of  the  constant  cry  for  the  fertilization  of  orchards 
in  the  irrigated  sections  is  due  quite  as  much  to  the  shallowness  of 
rooting  induced  by  over-irrigation,  as  to  any  really  necessary  exhaustion 
of  the  land. 

When  the  roots  are  induced  to  come  to  and  remain  at  the  surface, 
within  a  surface  layer  of  eighteen  to  twenty  inches,  it  naturally  becomes 
necessary  to  feed  these  roots  abundantly,  both  with  moisture  and  with 
plant-food.  This  has  naturally  led  to  an  over-estimate  of  the  require- 
ments of  the  trees  in  both  respects.  Had  deep-rooting  been  encouraged 
at  first,  instead  of  over-stimulating  the  growth  by  surface  fertilization 
and  frequent  irrigation,  some  delay  in  bearing  would  have  been  amply 
compensated  for  by  less  of  current  outlay  for  fertilizers,  and  less  liability 
to  injury  from  frequently  unavoidable  delay,  or  from  inadequacy,  of 
irrigation. 

It  is  curious  to  note  that  in  the  Sacramento  Valley,  where  cultivation 
antedates  considerably  that  of  the  regions  where,  in  connection  with 
irrigation,  fertilizers  are  now  most  abundantly  used,  we  hear  so  little  of 
the  need  for  fertilization:  while  from  Southern  California  we  constantly 
receive  inquiries  as  to  the  fertilizers  to  be  used  on  lands  that  are  but 
just  being  taken  into  cultivation  for  the  first  time;  not  to  speak  of  lands 
which  after  six  or  eight  years'  culture  are  annually  dosed  with  large 
dressings  of  expensive  fertilizers.     Is  that   because  the  lands  of  the 
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Sacramento  Valley  are  more  productive,  naturally,  than  those  of  the 
sunny  south?  Not  at  all;  if  anything,  the  lands  of  the  San  Gabriel 
and  Santa  Ana  valleys  exceed  the  Sacramento  soils  in  native  supply  of 
plant-food.  But  while  in  the  latter  valley  the  trees  have  been  allowed 
to  root  in  accordance  with  the  nature  of  the  climate,  without  irrigation, 
orchardists  in  the  south  have  used  all  the  water  they  could  get  from  the 
outset.  They  have  taken  their  clew  from  the  Eastern  conditions  of 
rainfall,  and  have  imitated  these  as  nearly  as  their  supply  will  permit. 
However  deep  and  rich  their  soils,  they  have  shallowed  them  by  over- 
irrigation;  and  now  both  irrigation  and  fertilization  have  become  as 
necessary  as  are  the  bi-weekly  rains  and  the  annual  application  of 
fertilizers  in  the  East. 

It  must  not  be  inferred  from  the  above  statement  that  the  Sacramento 
Valley  may  expect  to  do  without  fertilizers  permanently,  or  even  for  a 
long  time  to  come.  But  it  is  certain  that  in  the  absence  of  fertilization, 
these  lands  have,  held  out  wonderfully,  simply  because  the  farmers  have 
there  availed  themselves,  it  may  be  unconsciously,  of  the  privileges 
implied  in  the  conditions  of  our  arid  climate.  , 

CONSERVATION  OF  SOIL  MOISTURE. 

Alongside  of  economy  in  the  use  of  irrigation  water,  the  conservation 
of  the  moisture  imparted  to  the  soil  either  by  rains  or  irrigation  is  most 
important;  critically  so  where  irrigation  is  unavailable. 

Utilization  of  Winter  Rains,  and  Winter  Irrigation, — However  strong 
is  the  popular  demand  for  storage  of  the  winter  rainfall  and  flood 
waters,  too  many  do  not  appreciate  the  importance  of  the  storage  they 
can  command  without  the  use  of  reservoirs,  within  their  own  soil-mass. 
While  there  is  a  well-grounded  objection  in  the  humid  region  to  subject- 
ing plowed  land  to  the  leaching  action  of  the  abundant  rains,  no  such 
objection  holds  in  the  case  of  lands  lying  within  the  limits  of  twenty  or 
twenty-five  inches  of  annual  rainfall.  Here  the  absorption  of  the  winter 
rains  should  be  favored  to  the  utmost,  for  the  run-off  is  mostly  a  dead  lose. 
Fall  plowing  wherever  the  land  is  not  naturally  adequately  absorbent, 
and  is  not  thereby  rendered  liable  to  washing-away,  is  a  very  effectual 
mode  of  utilizing  the  winter's  moisture  to  the  utmost,  so  as  to  bring 
about  the  junction  of  the  season's  moisture  with  that  of  the  previous 
season;  which  is  generally  considered  as  being  a  condition  precedent  for 
crop  production  in  dry  years.  The  same,  of  course,  holds  true  of  winter 
irrigation;  the  frequent  omission  of  which,  in  presence  of  a  plentiful 
water-supply  at  that  season,  is  a  prolific  cause  of  avoidable  crop  failures. 
Moistening  the  ground  to  a  considerable  depth  by  winter  irrigation  is  a 
very  eflective  mode  of  promoting  deep-rooting,  and  will  thus  stand  in 
lieu  of  later  irrigations,  which,  being  usually  more  scant,  tend  to  keep 
the  roots  near  the  surface. 

Knowledge  of  the  Subsoil  Important, — It  cannot  be  too  strongly  insisted 
upon  that  in  our  arid  climate  farmers  should  make  themselves  most 
thoroughly  acquainted  with  their  subsoil  down  to  the  depth  of  at  least 
four,  but  preferably  six  or  eight  feet.  This  knowledge,  important  enough 
in  the  East,  is  doubly  so  here,  since  all  root  functions  are  and  must  be 
carried  on  at  much  greater  depths.     It  is  hardly  excusable  that  a  busi- 
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nesB  man  calling  himself  a  farmer  should  omit  the  most  elementary 
precaution  of  examining  his  subsoil  before  planting  orchard  or  vine- 
yard, and  should  at  the  end  of  five  years  find  his  trees  a  dead  loss  in 
consequence  of  an  unsuitable  subsoil.  Similarly,  no  irrigator  should  be 
ignorant  of  the  time  or  amount  of  water  it  takes  to  wet  his  soil  to  a 
certain  depth.  We  have  lately  seen  a  whole  community  sufiering  from 
the  visible  decline  of  the  thrift  of  its  fruit  trees,  which  occurred  despite 
what  was  considered  abundant  irrigation;  i.  e.,  allowing  the  water  to  run 
for  a  given  length  of  time,  deemed  to  be  sufficient.  Yet  on  being  called 
on  to  investigate  the  causes  of  the  trouble,  the  Station  staff  found  that 
the  irrigation  water  had  failed  to  penetrate  during  the  allotted  time  to 
any  beneficial  extent,  so  that  the  trees  were,  in  the  main,  sufiering  from 
lack  of  moisture — a  fact  that  could  have  been  verified  by  any  one  of 
the  owners  concerned,  by  simply  boring  or  digging  a  hole  or  two. 
But  no  one  had  thought  of  doing  so,  and  all  kinds  of  mysterious  causes 
were  conjectured  to  be  at  work  in  the  suffering  orchards. 

A  definite  knowledge  of  the  rapidity  with  which  irrigation  water  pene- 
trates downward  and  sideways  in  his  soil  should  form  a  part  of  the 
mental  equipment  of  every  irrigator,  particularly  in  arranging  his  head 
ditches.  For  in  sandy  lands  it  may  easily  happen  that  when  these  are 
too  far  apart,  the  water  near  the  head  ditch  is  already  wasting  into  the 
country  drainage  at  the  depth  of  ten  or  twelve  feet,  before  any  has 
reached  the  end  of  the  furrows,  or  has  wetted  the  lower  half  adequately. 
Many  such  cases  come  under  our  observation;  and  such  ignorance  of  the 
conditions  governing  one  of  the  most  important  factors  of  success  is 
hardly  excusable  in  any  one. 

Nor  is  the  quality  of  the  water  used  indifferent  in  this  connection; 
for  waters  containing  alkali  will  fail  to  penetrate  the  soil  as  quickly  as 
would  ordinary  stream  waters.  Thus  we  have  found  by  actual  trial, 
that  while  a  creek  water  would  penetrate  a  certain  soil  to  the  depth  of 
thirty  inches  in  twenty-four  hours,  the  alkaline  water  of  a  lake,  used 
on  the  same,  would  barely  reach  down  to  twelve  inches  in  the  same 
space  of  time. 

Percolation  of  Irrigation  Water. — Investigations  were  made  at  the 
Experiment  Station  near  Pomona  as  to  the  distribution  of  irrigation 
water,  soon  after  application.  The  water  was  to  supply  orange  trees. 
The  samples  were  taken  from  the  bottom  of  the  water  furrow  and  from 
a  distance  of  four  feet  from  the  furrow. 


Valley  Land. 


Bottom  of  Furrow. 


Per  Cent. 


Foar  Feet  from  Furrow. 


^AcT'        P«'Cent. 


Tons  per 
Acre. 


Micaceous  sandy  soil  - .   first  foot 
Micaceous  sandy  soil ._    second  foot 
Micaceous  sandy  soil . . 
Micaceous  sandy  soil .  - 
Micaceous  sandy  soil  . . 
Micaceous  sandy  soil . . 

Totals 


third  foot 
fourth  foot 
fifth  foot 
sixth  foot 


6.1 

122 

3.3 

66 

4.3 

86 

3.8 

76 

1    4.7 

94 

6.0 

120 

6.6 

130 

7.8 

156 

1    7.8 

156 

7.3 

146 

7.9 

158 

7.2 

144 

6.2 


746 


5.8 


708 


The  roots  of  the  orange  trees  were  evidently  taking  their  water  from 
the  second  and  third  foot;  as  the  amount  at  that  point  was  very  much 
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less  than  at  lower  depths.  The  irrigation  given,  while  supplying  the 
surface  soil  with  water,  had  evidently  failed  to  soak  to  the  second  foot; 
and  in  sidewise  percolation  had  reached  but  a  very  short  distance — for 
the  first  and  second  foot  show  no  more  moisture  than  would  be  held  by 
absorption  from  the  air. 


PLATE  10.    New  Growth  on  Treks,  Cultivated  and  Uncultivated. 
Creek  Bench  Land  at  Niles,  Cal. 

Preventing  Evaporation, — But  supposing  the  moisture  to  have 
reached  the  depths  of  the  soil,  whether  from  rains  or  from  irrigation, 
it  is  essential  that  proper  means  be  employed  for  retaining  it  in  the 
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land,  and  especially  to  prevent  evaporation.  That  this  is  best  accom- 
plished by  a  mulch  on  the  surface,  and  that  the  best  mulch  fpr  the 
purpose,  which  need  not  be  hauled  on  or  off  and  is  always  ready,  is  a 
surface  layer  of  loose,  well-tilled  soil,  is  now  pretty  well  understood  by 
all.  But  the  extent  to  which  the  presence  or  absence  of  such  a  non- 
evaporating  layer  influences  plant  growth  and  fruit  production  in  a 
critical  time,  is  not  so  fully  appreciated. 

Plates  9,  10,  and  11  give  an  illustrative  example  of  trees  and  fruit 
grown  in  1898  on  adjacent  fields,  with  only  a  lane  between,  the  soil  and 
all  natural  conditions  being  absolutely  identical;  the  only  difference  being 
the  presence  and  absence  of  cultivation.  In  the  present  case  the  culti- 
vation was  omitted  on  principle  by  one  owner,  who  considered  cultivation 
superfluous  on  the  loose,  generous  soil  of  Alameda  Creek;  while  his 
neighbor,  across  the  way,  held  the  opposite  belief,  and  had  this  season 
cultivated  to  an  extra  depth  to  conserve  moisture.  The  cultural  results 
are  sulBBciently  shown  in  the  plates  and  need  no  comment,  although  it 
may  be  of  interest  to  mention  that  the  year's  new  growth  on  the  #ne 
hand  was  over  three  feet,  on  the  other  barely  three  inches,  as  shown  in 
plate  10.  The  effect  on  the  fruit  is  shown  in  plate  11*  The  determination 
of  the  moisture  held  by  the  soil  in  July  t9  the  depth  of  six  feet  gave  the 
following  results: 


Depth  in  SoU. 

CulUyated. 

UncnlUTated. 

Per  Cent. 

Tons  per 
Acre. 

Percent. 

Tonaper 
Acre. 

Firstfoot 

6.4 
6.8 
6.4 
6.6 
6.7 
6.0 

128 
116 
128 
130 
134 
120 

4.3 
4.4 
3.9 
5.1 
3.4 
4.6 

86 

Second  foot ... 

88 

Third  foot 

78 

Fourth  foot - 

102 

Fifth  foot 

68 

Sixth  foot 

90 

Total  for  six  feet 

6.8 

766 

4.2 

612 

The  difference  of  244  tons  per  acre  of  ground  shown  by  the  analyses 
is  quite  sufficient,  according  to  the  data  given  at  the  beginning  of  this 
article,  to  account  for  the  observed  difference  in  the  cultural  result  The 
cause  of  this  difference  was  that  in  the  uncultivated  field  there  was  a 
compacted  surface  layer  several  inches  in  thickness,  which  forcibly 
abstracted  the  moisture  from  the  substrata  and  evaporated  it  from  ito 
surface;  while  the  loose  surface  soil  on  the  cultivated  ground  was  unable 
to  take  any  moisture  from  the  denser  subsoil.  This  is  well  illustrated 
by  the  familiar  fact  that  while  a  dry  brick  will  suck  a  wet  sponge  dry,  a 
dry  sponge  (corresponding  to  the  loose  surface  soil)  is  unable  to  take 
any  water  from  a  wet  brick.  Besides,  the  tilled  surface  soil  forms  a  non- 
conducting layer  protecting  the  subsoil  from  the  sun's  heat  and  the 
dryness  of  the  air. 

Effect  of  Cultivation  Illustrated. — The  above  apricot  orchard,  which 
in  1898  was  in  such  poor  condition  because  of  lack  of  any  cultivation 
for  the  two  previous  years  and  whose  photograph  is  given  above,  was  in 
1899  and  1900  deeply  plowed  and  cultivated.  The  soil  had,  however, 
been  so  severely  injured  by  neglect  that  it  has  not  recovered  that 
mellow  condition  so  desirable.     The  result  on  tree  growth  and  appear- 
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aiice  is  apparent  and  is  shown  in  the  accompanying  photograph  (plate 
12),  taken  in  August,  1900,  the  trees  being  the  same. 

The  season  of  1899  and  1900  was  a  dry  one  and  the  rainfall  compara- 
tively small.  The  moisture  left  in  the  soil  after  the  season  of  1898  was 
therefore  almost  the  sole  dependence  of  the  trees,  and  was  naturally 
drawn  upon  heavily  by  the  heavy  foliage  of  the  cultivated  orchard  ancl 
but  slightly  by  the  other.  There  would  be  therefore  less  water  in  the 
former  than  in  the  latter,  as  is  shown  in  the  table  below: 

Tons 
Per  Cent,     per  Acre. 

Apricot  orchard  still  nnder  good  cultivation 3.9  386 

Apricot  orchard  formerly  neglected,  now  cultivated 4.3  438 

Almond  orchard  under  good  cultivation 7.6  762 

Almond  orchard  once  cultivated,  now  neglected 5.0  500 

In  the  same  valley,  and  near  each  other,  upon  the  alluvial  land  of 
Alameda  Creek,  there  are  two  almond  orchards,  which  also  illustrate 
the  effect  of  good  care  on  the  one  hand  and  of  neglect  on  the  other ;  in 
the  one  the  trees  are  in  fine  condition,  in  a  mellow  soil;  in  the  other 
they  are  suffering  severely,  in  a  soil  hard  and  compacted.  The  moisture 
content  of  each  is  given  in  the  table. 

Cultivation  to  Various  Depths. — In  the  East,  where  this  principle  is 
well  understood,  it  is  considered  that  a  surface  layer  three  inches  in 
thickness  is  sufficient  to  afford  effective  protection.  But  what  is  adequate 
in  the  region  of  summer  rains  is  quite  insufficient  in  California  and  in 
the  arid  region  generally.  It  takes  fully  twice  the  thickness  mentioned, 
and  preferably  more,  to  afford  protection  against  the  drought  and  heat, 
which  last  for  five  or  six  months  at  a  stretch.  Here  again  we  find  an 
important  point  in  which  our  practice  must  differ  from  that  of  the  East 
and  of  the  Old  World. 

While  pursuing  our  investigations  on  the  moisture  of  the  soil  in 
various  parts  of  the  State,  we  have  been  fortunate  in  securing  results 
which  bear  directly  on  the  question  as  to  what  depth  of  cultivation  is 
best  for  conserving  the  moisture  and  for  preventing  to  a  large  extent  the 
excessive  waste  by  evaporation  from  the  surface  of  the  soil.  In  several 
localities  two  or  more  fields  or  orchards  were  found  upon  soils  alluvial 
in  character  and  having  the  same  physical  and  chemical  characteristics, 
but  which  had  been  treated  differently,  their  cultivation  being  shallow 
or  deep,  no  irrigation  being  given.    These  localities  were  the  following: 

At  Niles,  in  Alameda  County,  on  the  alluvial  loam  of  Alameda 
Creek,  there  are  three  apricot  orchards  under  different  systems  of  culti- 
vation. Two  of  these  have  already  been  spoken  of,  but  for  general 
comparison  will  be  again  mentioned.  One  of  them  had  received  no 
cultivation  for  two  years;  the  ground  was  compact  and  hard,  the  trees 
had  lost  most  of  their  leaves  (as  shown  in  plate  9),  and  the  fruit  was 
very  small  and  sparse;  the  new  growth  on  the  trees  was  but  about  three 
inches  long,  as  shown  in  plate  10. 

On  the  south  and  adjoining  this  was  an  orchard  in  which  cultivation 
had  been  shallow  (about  three  inches),  and  the  leaves  on  the  trees  were 
somewhat  wilted  during  hot  days,  but  recovered  during  the  cooler 
nights;  the  fruit  was  fair  in  size  and  quantity. 

On  the  north  of  the  first  orchard,  and  separated  by  a  lane  from  it, 
was  another,  in  which  deep  cultivation  had  been  given  to  conserve  the 
moisture;  the  trees  were  in  excellent  foliage  and  loaded  with  fruit,  and 
the  new  growth  was  about  three  feet  in  length. 
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Samples  of  soil  from  the  three  orchards  were  taken  on  the  same  day 
in  July,  for  comparison  as  to  their  moisture  content.  The  results  are 
given  in  the  table  below. 

The  cultural  results  in  the  first  and  third  are  suflSciently  shown  in 
the  photographs  (plates  9  and  10),  and  need  no  comment;  the  effect  on 
the  fruit  is  also  shown  in  plate  11. 

Two  fields  on  the  river  alluvial  loam  near  the  sugar  factory  at  Santa 
Maria,  Santa  Barbara  County,  are  but  a  short  distance  apart ;  the  one 
having  had  but  a  shallow  cultivation  and  bearing  no  crop,  the  other 
cultivated  deeper  and  supporting  a  small  growth  of  beans.  Both  series 
of  samples  were  taken  in  September. 

Two  orchards  upon  the  silty  soils  of  the  Saticoy  Plain,  three  miles 
east  of  Ventura,  are  but  a  short  distance  from  each  other.  One  of  these 
fiad  received  but  shallow,  the  other  a  deep,  cultivation.  Samples  were 
taken  in  September. 


Soil  Moisturb  After  Shallow  akd  Deep  Cultivatiok 

Alameda  County,  Nilbs. 
AUavlal  of  Alameda  Creek. 

Santa  Barbara  Co.,     Ventuba  Co.,  East 
NBAB  Santa  Mabia.  j        op  Ventura. 

Alluvial  of  Santa  Ma-  1  Silty  Soil  of  Satiooy 
rla  River.            >              Plain. 

Depth. 

None. 

3  Inohei. 

6  Inches. 

3  Inches. 

6  Inches. 

'  Shallow. 

Deep. 

Per 
Cent 

T'ns 

per 

Acre. 

Cent.^^4 

Per 
Cent. 

T'ns 

per 

Acre. 

Per 
Cent. 

T'ns 
per 
Acre. 

Per 
Cent 

T'ns 

per 

Acre. 

1  Per 
Cent. 

T'ns 

per 

Acre. 

Firstfoot-  ... 
Second  foot... 
Third  foot.... 
Fourth  foot,. - 

4.3 
4.4 
3.9 
6.1 

86 

88 

78 

102 

5.5 
6.9 
5.5 
4.6 

110 

118 

110 

92 

6.4 
5.8 
6.4 
6.5 

128 
118 
128 
130 

4.6 
6.1 
5.1 
5.3 

92 
122 
102 
106 

6.2 

7.1 

7.8 

12.0 

124 
142 
166 
240 

9.6 
1  9.7 
'  6.7 

7.3 

190 
194 
134 
146 

8.4 

10.1 

9.4 

9.3 

168 
202 
188 
186 

In  4  feet.... 
Fifth  foot 

4.4 

3.4 
4.6 

354 

68 
90 

6.4 

430 

6.3 

6.7 
6.0 

504 
134 

5.3 

422 

8.5 

662 

8.3 

664 

9.3 

744 

Sixth  foot .... 

120 

In  6  feet  . 

4.2 

512 

6.3 

766 

1 

i 

The  beneficial  effects  produced  by  a  cultivation  or  loosening  of  the 
soil  to  a  depth  of  six  inches  above  that  of  three  inches  is  quite  marked 
in  the  three  widely  separated  localities  represented  in  the  above  results. 
At  Niles  the  difference  of  70  tons  per  acre  in  four  feet  of  soil  seems  to 
have  prevented  wilting  of  the  leaves.  In  the  sandy  alluvium  soil  of 
Santa  Maria  Valley  there  was  a  saving  of  240  tons  per  acre;  and  in  the 
silt  of  Saticoy  Plain,  a  difference  of  80  tons  of  moisture  per  acre  in  four 
feet  depth.  This  means  much  for  our  California  orchard  soils,  where 
the  main  feeding  rootlets  are  at  a  depth  of  many  feet.  In  grain  land 
the  three  inches  would  be  preferable,  for  otherwise  the  soil  would  become 
too  dry  in  the  upper  foot,  where  germination  of  the  seed  occurs  and  the 
roots  secure  food  and  moisture. 

Summer-Fallow. — The  beneficial  effects  of  summer-fallow  in  California 
are  assuredly  due  quite  as  much  to  the  conservation  of  moisture  brought 
about  by  the  tilled  surface  layer,  as  by  the  weathering  of  the  soil  to 
which  the  eflScacy  of  the  fallow  is  commonly  ascribed.     Witness  the 
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fact  that  weeds  come  up  freely  on  summer-fallow  as  late  as  August, 
when  unplowed  land  is  as  bare  as  a  barn  floor. 

Injury  from  Weeds. — Similarly,  on  our  mostly  new  and  unexhausted 
lands  the  bad  effects  of  weed  growth  are  doubtless  due  fully  as  much  to 
the  waste  of  moisture  going  on  through  their  leaves  as  to  the  competi- 
tion with  the  crop  in  plant-food.  Hence  all  good  orchardists  are  very 
careful  about  keeping  their  ground  clean  in  summer;  but  it  must  not 
be  forgotten  that  by  doing  so  they  quickly  deplete  their  lands  of 
vegetable  matter,  which  requires  systematic  replacement  by  green- 
manuring  if  production  is  to  continue  normally.  Yet  of  the  two  evils, 
the  loss  of  moisture  is  more  to  be  dreaded,  and  very  generally  in 
practice  the  more  difiScult  to  remedy.  ^ 
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NATURE.  VALUE,  AND  UTILIZATION  OF 
ALKAU  LANDS, 

AND 

THE  TOLERANCE  OF  CROPS  FOR  ALKALL 

By  E.  W.  HILGARD  and  R.  H.  LOUGHRIDGB. 


[The  continuous  and  pressing  demand  for  information  on  alkali  lands  and  their 
utilization  having  exhausted  the  printed  matter  heretofore  published  by  this  Station 
on  the  subject,  it  seems  best  to  publish  a  general  summary  of  the  results  of  our 
investigations,  made  during  the  past  twenty  years,  for  the  use  of  farmers  and  land 
owners  and  the  general  public.  Those  desiring  more  detailed  information  will  find  the 
record,  so  far  as  printed,  in  the  reports  of  the  Station  from  1879  to  1898,  of  which 
those  from  1898  to  1904  are  still  available  for  distribution.] 

OCCURRENCE   AND   CHARACTERISTICS   OP   ALKALI   SOIIiS. 

Alkali  lands  must  be  pointedly  distinguished  from  the  salty  lands  of 
sea  margins  or  marshes,  from  which  they  diflfer  in  both  their  origin 
and  essential  nature.  .  Marsh  lands  derive  their  salts  from  sea  water 
that  occasionally  overflows  them,  and  the  salts  which  impregnate  them 
are  essentially  **sea  salts";  that  is,  common  salt,  together  with  bittern, 
epsom  salt,  etc.  Very  little  of  what  would  be  useful  to  vegetation  or 
desirable  as  a  fertilizer  is  contained  in  the  salts  impregnating  such 
soils;  and  they  are  by  no  means  always  intrinsically  rich  in  plant- 
food,  but  vary  greatly  in  this  respect. 

Alkali  lands  bear  no  definite  relation  to  the  sea;  they  are  mostly 
remote  from  it  or  from  any  former  sea  bed,  so  that  they  have  sometimes 
been  designated  as  ** terrestrial  salt  lands."  Their  existence  is  usually 
definitely  traceable  to  climatic  conditions  alone.  They  are  the  natural 
result  of  a  light  rainfall,  insuflScient  to  leach  out  of  the  land  the  salts 
that  always  form  in  it  by  the  progressive  weathering  of  the  rock 
powder  of  which  all  soils  largely  consist.  Where  the  rainfall  is 
abundant,  that  portion  of  the  salts  corresponding  to  **sea  salts"  is 
leached  out  into  the  bottom  water,  and  with  this  passes  through 
springs  and  rivulets  into  the  country  drainage,  to  be  finally  carried  to 
the  ocean.  Another  portion  of  the  salts  formed  by  weathering,  how- 
ever, is  partially  or  wholly  retained  by  the  soil ;  it  is  that  portion  chiefly 
useful  as  plant-food. 

It  follows  that  when,  in  consequence  of  insufficient  rainfall,  all  or 
most  of  the  salts  are  retained  in  the  soil,  they  will  contain  not  only 
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the  ingredients  of  sea  water,  but  also  those  useful  to  plants.  In  rainy 
climates  a  large  portion  even  of  the  latter  is  leached  out  and  carried 
away.  In  extremely  arid  climates  their  entire  mass  remains  in  the 
soils;  and,  being  largely  soluble  in  water,  evaporation  during  the  drj*^ 
season  brings  them  to  the  surface,  where  they  may  accumulate  to  such 
an  extent  as  to  render  the  growth  of  ordinary  useful  vegetation  im- 
possible; as  is  seen  in  "alkali  spots,"  and  sometimes  in  extensive  tracts 
of  '* alkali  desert.'' 

In  looking  over  a  rainfall  map  of  the  globe  we  see  that  a  very  consid-  * 
erable  portion  of  the  earth's  surface  has  deficient  rainfall,  the  latter 
term  being  commonly  meant  to  imply  any  annual  average  less  than  20 
inches  (500  millimeters).  Zones  of  deficient  rainfall  intervene  between 
the  tropics  and  the  temperate  humid  zones  on  both  the  northern  and 
southern  hemispheres,  their  width  ranging  respectively  from  30  to  12 
degrees,  or  from  2,000  to  800  miles.  The  arid  region  thus  defined 
includes,  in  North  America,  most  of  the  country  lying  west  of  the  one 
hundredth  meridian  up  to  the  Cascade  mountains,  and  northward 
beyond  the  line  of  the  United  States;  southward,  it  reaches  far  into 
Mexico,  including  especially  the  Mexican  plateau.  In  South  America 
it  includes  nearly  all  the  Pacific  slope  (Peru  and  Chile)  south  to 
Araucania;  and  eastward,  of  the  Andes,  the  greater  portion  of  the 
plains  of  western  Brazil  and  Argentina.  In  Europe  only  a  very  small 
portion  of  the  Mediterranean  border  is  included;  but  the  entire  African 
coast  belt  opposite,  with  the  Saharan  and  Libyan  deserts,  Egypt  and 
Arabia  are  included  therein,  as  well  as  a  considerable  portion  of  South 
Africa.  In  Asia,  Asia  Minor,  Syria  (with  Palestine),  Mesopotamia, 
Persia,  and  northwestern  India  up  to  the  Ganges,  and  northward,  the 
great  plains  or  steppes  of  central  Asia  eastward  to  Mongolia  and  western 
China,  fall  into  the  same  category;  as  does  also  a  large  portion  of  the 
Australian  continent. 

Over  these  vast  areas  alkali  lands  occur  to  a  greater  or  less  extent, 
the  exceptions  being  the  mountain  regions  and  adjacent  lands  on  the 
side  exposed  to  prevailing  oceanic  winds.  It  will  therefore  be  seen  that 
the  problem  of  the  utilization  of  alkali  lands  for  agriculture  is  not  of 
local  interest  only,  but  is  of  world-wide  importance.  It  will  also  be 
noted  that  many  of  the  countries  referred  to  are  those  in  which  the 
most  ancient  civilizations  have  existed  in  the  past,  but  which  at  present, 
with  few  exceptions,  are  occupied  by  semicivilized  people  only.  It  is 
doubtless  from  this  cause  that  the  nature  of  alkali  lands  has  until  now 
been  so  little  understood  that  even  their  essential  distinctness  from  the 
sea-border  lands  has  been  but  lately  recognized  in  full.  Moreover,  the 
great  intrinsic  fertility  of  these  lands  has  been  very  little  appreciated, 
their  repellent  aspect  causing  them  to  be  generally  considered  as  waste 
lands. 
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This  aspect  is  essentially  due  to  their  natural  vegetation  being  in 
most  cases  confined  to  plants  useless  to  man,  commonly  designated  as 
'* saline  vegetation/'  of  which  but  little  is  uaarfly  relished  by  cattle. 
Exceptions  to  this  rule  occur  in  America,  Australia,  and  Africa,  where 
the  **saltbushes''  of  the  former  two,  and  the  ** karroo"  vegetation  of 
the  latter,  form  valuable  pasture  grounds.  Apart  from  these,  however, 
the  efforts  to  find  for  these  lands,  while  in  their  natural  condition, 
culture  plants  generally  acceptable,  or  at  least  profitable,  outside  of 
forage  ci'ops,  have  not  been  very  successful. 

HOW  PLANTS  ARE  INJURED  BY  ALKALI. 

When  we  examine  plants  that  have  been  in.iured  by  alkali,  we  will 
usually  find  that  the  damage  has  been  done  near  the  base  of  the  trunk, 
or  root  crown ;  rarely  at  any  considerable  depth  in  Ihe  soil  itself.  In 
the  case  of  green  herbaceous  stems,  the  bark  is  found  to  have  turned  to 
a  brownish  tinge  for  half  an  inch  or  more,  so  as  to  be  soft  and  easily 
peeled  off.  In  the  case  of  trees,  the  rough  bark  is  found  to  be  of  a 
dark,  almost  black,  tint,  and  the  green  layer  underneath  has,  as  in  the 
case  of  an  herbaceous  stem,  been  turned  brown  to  a  greater  or  less 
extent.  In  either  case  the  plant  has  been  practically  ** girdled,"  the 
effect  being  aggravated  by  the  diseased  sap  poisoning,  more  or  less,  the 
whole  stem  and  roots.  The  plant  may  not  die,  but  it  will  be  quite 
certain  to  become  unprofitable  to  the  grower. 

It  is  mainly  in  the  case  of  land  very  heavily  charged  with  common 
«alt,  as  in  the  marshes  bordering  the  sea  or  salt  lakes,  that  injury  arises 
Irom  the  direct  effects  of  the  salty  soil-water  upon  the  feeding  roots 
themselves.  In  a  few  cases  the  gradual  rise  of  salt  water  from  below, 
in  consequence  of  defective  drainage,  has  seriously  injured,  and  even 
destroyed,  old  orange  orchards. 

The  fact  that  in  cultivated  land  the  injury  is  usually  found  to  occur 
near  the  surface  of  the  soil,  concurrently  with  the  well-known  fact  that 
the  maximum  accumulation  of  salts  at  the  surface  is  always  found  near 
the  end  of  the  dry  season,  indicates  clearly  that  this  accumulation  is 
due  to  evaporation  at  the  surface.  The  latter  is  often  found  covered 
with  a  crust  consisting  of  earth  cemented  by  the  crystallized  salts,  and 
later  in  the  season  with  a  layer  of  whitish  dust  resulting  from  the 
drying-out  of  the  crust  first  formed.  It  is  this  dust  which  becomes  so 
annoying  to  the  inhabitants  and  travelers  in  alkali  regions,  when  high 
winds  prevail,  irritating  the  eyes  and  nostrils  and  parching  the  lips. 

EFFECTS  OP  IRRIGATION. 

One  of  the  most  annoying  and  discouraging  features  of  the  cultiva- 
tion of  lands  in  alkali  regions  is  that,  although  in  their  natui'^l  condition 
they  may  show  but  little  alkail  on  their  surface,  and  that  mostly  in 
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limited  spots,  usually  somewhat  depressed  below  the  general  surface, 
these  spots  are  found  to  enlarge  rapidly  as  irrigation  is  practiced ;  and 
since  alkali  salts  are  the  symptoms  and  result  of  insufficient  rainfall, 
irrigation  is  a  necessary  condition  of  agriculture  wherever  they  pre- 
vail. Under  irrigation,  neighboring  spots  will  oftentimes  merge  together 
into  one  large  one,  and  at  times  the  entire  area,  once  highly  productive 
and  perhaps  covered  with  valuable  plantations  of  trees  or  vines,  will 
become  incapable  of  supporting  useful  growth.  This  annoying 
phenomenon  is  popularly  known  as  **the  rise  of  the  alkali**  in  the 
western  United  States,  but  is  equally  well  known  in  India  and  other 
irrigation  regions. 

The  process  by  which  the  salts  rise  to  the  surface  is  the  same  as  that 
by  which  oil  rises  in  a  wick.  The  soil  being  impregnated  with  a  solution 
of  the  alkali  salts,,  and  acting  like  the  wick,  the  salts  naturally  remain 
behind  on  the  sur.face  as  the  water  evaporates,  the  process  only  stopping' 
when  the  moisture  in  the  soil  is  exhausted.  We  thus  not  infrequently 
find  that  after  an  unusually  heavy  rainfall  there  follows  a  heavier 
accumulation  of  alkali  salts  at  the  surface,  while  a  light  shower  pro- 
duces no  perceptible  permanent  effect  We  are  thus  taught  that,  within 
certain  limits,  the  more  water  evaporates  during  the  season  the  heavier 
wHl  he  the  inse  of  the  alkali;  provided  that  the  water  is  not  so  abundant 
as  to  leach  the  salts  through  the  soil  and  subsoil  into  the  subdrainage. 

Worst  of  all,  however,  is  the  effect  of  irrigation  ditches  laid  in  sandy 
lands  (such  as  are  naturally  predominant  in  arid  regions),  without 
proper  provision  against  seepage.  The  ditch  water  then  gradually  fills 
up  the  entire  substrata  so  far  as  they  are  permeable,  and  the  water-table 
rises  from  below  until  it  reaches  nearly  to  the  ditch  level;  shallowing 
the  subsoil,  drowning  out  the  deep  roots  of  all  vegetation,  and  bringing 
close  to  the  surface  the  entire  mass  of  alkali  salts  previously  diffused 
through  many  feet  of  substrata.  If  this  condition  is  allowed  to  con- 
tinue for  some  time,  alkali  salts  originally  ** white"  will  by  a  chemical 
change  become  ** black*'  by  the  formation  of  carbonate  of  soda  from  the 
glauber  and  common  salts ;  greatly  aggravating  the  injury  to  vegetation. 
More  than  this,  if  such  swaimping  is  allowed  to  continue  for  a  number 
of  years,  the  land  may  be  permanently  injured ;  so  that  even  after  the 
alkali  is  removed,  the  soil  remains  inert  and  unthrifty  for  years. 

DETERMINATION  OP  THE  DISTRffiUTION  OP  THE  ALKLVLI  SALTS. 

In  order  to  gain  a  basis  for  the  possible  means  of  reclaiming  alkali 
lands,  it  is  evidently  necessary  to  determine  by  direct  observation  the 
manner  in  which  the  salts  are  distributed  in  the  soils  under  different 
conditions.  This  can  be  done  by  sampling  the  soil  at  short  intervals  of 
depth,  and  leaching  out  and  analyzing  each  sample  separately.    While 
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this  involves  a  great  deal  of 
work,  it  is  manifestly  the  only- 
conclusive  method. 

A  series  of  such  investiga- 
tions has  been  first  carried  out 
by  the  California  Experiment 
Station  during  the  years  1894 
and  1895,  with  samples  taken 
in  or  near  the  substations  near 
Tulare  and  Chino,  Cal.,  with 
the  results  as  given  below.  It 
should  be  understood  that  the 
alkali  in  the  Tulare  region  is 
naturally  mostly  of  the  ** black'' 
kind,  that  is,  consisting  largely 
of  carbonate  of  soda,  which  dis- 
solves the  humus  of  the  soil  and 
thus  gives  rise  to  dark-colored 
spots  and  inky  water-puddles. 
The  soil  is  a  rather  sandy,  gray 
loam  (see  Report  California  Ex- 
periment Station,  1889).  On 
the  Chino  tract,  on  the  contrary, 
the  soil  is  a  close-grained,  rather 
heavy  loam,  naturally  subirri- 
gated;  the  salts  are  likewise 
largely  ** black,''  the  sodium 
carbonate  being  about  one  third 
of  the  whole. 

Fig.  1  represents  the  condi- 
tion of  the  salts  in  an  *' alkali 
spot"  as  found  at  the  end  of  the 
dry  season  at  the  Tulare  substa- 
tion. The  soil  was  sampled  to 
the  depth  of  two  feet,  at  inter- 
vals of  three  inches  each.  The 
depths  are  entered  in  the  verti- 
cal line  to  the  left;  the  percent- 
ages of  the  total  salts  aDd  of 
each  of  the  principal  ingredi- 
ents ar  entered  in  decimal  frac- 
tions of  one  per  cent  on 
horizontal  lines  running  to  the 
right,  as  indicated  on  the  top 
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line  of  the  plate.  Broken  lines  connecting  the  data  in  each  case  facili- 
tate the  understanding  of  the  results.  It  is  thus  easy  to  see  that  at  this 
time  almost  the  entire  mass  of  the  salts  was  accumulated  within  the 
first  six  inches  from  the  surface,  while  lower  down  the  soil  contained 
so  little  that  few  culture  plants  would  be  hurt  by  them. 

Fig.  2  represents  similarly  the  state  of  things  in  a  natural  soil  along- 
side of  the  alkali  spot,  but  in  which  the  native  vegetation  of  brilliant 
flowers  develops  annually  without  any  hindrance  from  alkali.  Samples 
were  taken  from  this  spot  in  March,  near  the  end  of  the  wet,  and  in 
September,  near  the  end  of  the  dry,  season,  and  each  series  fully 
analyzed.  There  was  scarcely  a  noticeable  diflference  in  the  results 
obtained.  It  is  seen  in  the  figure  that  down  to  the  depth  of  fifteen 
inches  there  was  practically  no  alkali  found  (0.035  per  cent),  and  it 
was  within  these  fifteen  inches  of  soil  that  the  native  plants  mostly  had 
their  roots  and  developed  their  annual  growth.  But  from  that  level 
downward  the  alkali  rapidly  increased,  and  reached  a  maximum  (0.529 
per  cent)  at  about  thirty-three  inches,  decreasing  rapidly  thence  until, 
at  the  end  of  the  fourth  foot  in  depth,  there  was  no  more  alkali  than 
within  the  first  foot  from  the  surface.  In  other  words,  the  bulk  of  the 
valts  had  accumulated  at  the  greatest  depth  to  which  the  annual  rainfall 
(7  inches)  ever  reaches,  forming  there  a  sheet  of  tough,  intractable  clay 
hardpan.  The  shallow-rooted  native  plants  germinated  their  seeds 
freely  on  the  alkali-free  surface,  their  roots  kept  above  the  strongly 
charged  subsoil,  and  through  them  and  the  stems  and  foliage  all  the 
soil  moisture  was  evaporated  by  the  time  the  plants  died.  Thus  no 
alkali  was  brought  up  from  below  by  evaporation.  The  seeds  shed  would 
remain  uninjured,  and  would  again  germinate  the  coming  season. 

It  is  thus  that  the  luxuriant  vegetation  of  the  San  Joaquin  plains, 
dotted  with  occasional  alkali  spots,  is  maintained,  the  spots  them- 
selves being  almost  always  depressions  in  which  the  rain  water  may 
gather,  and  where,  in  consequence  of  the  increased  evaporation,  the 
noxious  salts  have  risen  to  the  surface  and  render  impossible  all  but 
the  most  resistant  saline  growth ;  particularly  when,  in  consequence  of 
maceration  and  fermentation  in  the  soil,  the  formation  of  carbonate  of 
soda  (black  alkali)  has  caused  the  surface  to  sink  and  become  almost 
water-tight. 

After  several  years*  cultivation  with  irrigation  on  the  same  land  as 
in  the  last  figure,  a  crop  of  barley  four  feet  high  was  grown  on  the  land. 
Investigation  proved  that  here  the  condition  of  the  soil  was  intermediate 
between  the  two  preceding  figures.  The  irrigation  water  had  dissolved 
the  alkali  of  the  subsoil,  and  the  abundant  evaporation  had  brought  it 
nearer  the  surface ;  but  the  shading  by  the  barley  crop  and  the  evapo- 
ration of  the  moisture  through  its  roots  and  leaves  had  prevented  the 
salts  from  reaching  the  surface  in  such  amounts  as  to  injure  the  crop, 
although  the  tendency  to  rise  was  clearly  shown. 
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Ten  feet  from  this  spot  was  bare  alkali  ground  on  which  barley  had 
refused  to  grow.  Its  examination  proved  it  to  contain  a  somewhat 
larger  proportion  (one-fifth  more)  of  alkali  salts,  and  in  these  a  larger 
relative  proportion  of  carbonate  of  soda  (salsoda).  Thus  the  seed  was 
mostly  destroyed  before  germination,  and  of  the  few  seedlings  none 
lived  beyond  the  fourth  leaf.  On  the  ground  represented  by  Pig.  1, 
previous  treatment  with  gypsum  had  so  far  diminished  the  salsoda 
that  the  grain  germinated  freely,  and  a  very  good  crop  of  barley  was 

Percentage  Composition. 
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FIG.  3.    Distributiun  of  alkali  salts  in  sandy  land. 

harvested  there  without  irrigation.    The  same  season,  grain  crops  were 
almost  a  failure  on  alkali-free  land  in  the  same  region. 

In  connection  with  this  result  it  should  be  noted  as  a  general  fact 
that  alkali  lands  always  retain  a  ceHain  amount  of  moisture  perceptible 
to  the  hand  during  the  dry  season,  and  that  this  moisture  can  be  utilized 
by  crops;  so  that  at  times  when  crops  fail  on  nonalkaline  land,  good 
ones  are  obtained  where  a  slight  taint  of  alkali  exists  in  the  soil.  Strik- 
ing examples  of  this  fact  occur  in  the  Spokane  country  within  the  great 
bend  of  the  Columbia  River,  in  the  State  of  Washington;  and  the 
same  is  illustrated  by  the  luxuriant  growth  of  weeds  on  the  margin  of 
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alkali  spots,  just  beyond  the  limit  of  corrosive  injury.  Actual  deter- 
mination showed  that  while  a  sample  of  alkali  soil  containing  .54  per 
cent  of  salts  absorbed  12.3  per  cent  of  moisture  from  moist  air,  the 
same  soil  when  leached  absorbed  only  2.5  per  cent— a  figure  corre- 
sponding to  that  of  sandy  upland  loams.  Investigation  at  the  Tulare 
substation  during  the  dry  season  of  1898  also  showed  the  presence  of 
15  and  16  per  cent  of  water,  respectively,  in  strong  *' white"  and 
** black"  alkali  soils,  while  in  adjoining  light  alkali  soils  there  was  but 
10  per  cent. 

In  very  sandy  lands,  and  particularly  when  the  alkali  is  ** white" 
only,  the  tendency  to  accumulation  near  the  surface  is  much  less,  even 

Amounts  of  Alkali  Salts  in  100  of  Soil. 


FIG.  4.    Distribution  of  alkali  salts  In  close- textured  soil  of  the  lO-acre  tract,  near  Chino,  Cal. 

under  irrigation.  In  the  natural  condition,  the  salts  are  in  such  cases 
often  found  quite  evenly  distributed  through  soil  columns  of  four  feet, 
and  even  more.  This  is  an  additional  cause  of  the  lesser  injuriousness 
of  ''white"  alkali. 

Fig.  3  shows  the  distribution  of  the  salts  as  found  in  a  very  sandy 
area  on  the  Tulare  substation  grounds.  It  should.be  noted  that  here, 
while  the  general  figure  representing  the  distribution  is  very  similar  to 
that  showing  the  same  in  a  close  soil  (see  Fig.  4)  the  salts  reach  down 
to  over  six  feet,  and  are  at  their  maximum  eighteen  inches  from,  instead 
of  at  the  surface. 

The  mode  of  distribution  of  alkali  salts  in  the  heavier,  close-grained 
soil  of  the  Chino  tract  is  illustrated  in  Fig.  4.  As  has  been  mentioned, 
this  land  is  permanently  moist,  from  a  water-table  ranging  from  five  to 
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seven  feet  below  the  surface  in  ordinary  years.  There  is  therefore  no 
opportunity  for  the  formation  of  **  alkali  hardpan"  as  in  the  case  of 
the  Tulare  soil;  the  salts  always  remain  rather  near  the  surface^  viz, 
within  twelve  to  eighteen  inches.  But  being  in  much  smaller  average 
amounts  than  at  Tulare  (an  average  of  about  5,300  pounds  per  acre), 
quite  a  copious  natural  vegetation  of  grasses,  sunflowers,  and  **yerba 
mansa"  originally  covered  the  whole  surface,  save  in  a  few  low  spots. 

A  similar  mode  of  distribution  of  the  salts  is  found  in  the  more  clayey 
** black  adobe"  lands  of  the  Great  Valley  of  California.  The  scanty 
rains  can  not  penetrate  these  soils  to  any  great  depth,  so  that  evapora- 
tion will  soon  bring  the  salts  carried  by  them  back  to  within  a  short 
distance  of  the  surface.  Their  accumulatiou  there  is  frequently  indi- 
cated by  the  entire  absence  of  any  but  the  most  resistant  alkali  weeds, 
even  though  the  total  of  salts  in  the  land  may  not  be  very  great. 

While  the  phenomena  of  alkali  lands  as  outlined  above  undoubtedly 
represent  the  vastly  predominant  conditions  on  extensive  level  lands, 
yet  there  are  exceptions  due  to  surface  conformation,  and  to  the  local 
existence  of  sources  of  alkali  salts  outside  of  the  soil  itself.  Such  is  the 
case  where  salts  ooze  out  of  strata  cropping  out.  on  hillsides,  as  is 
the  case  at  some  points  in  the  San  Joaquin  Valley  in  Califomia,  and  in 
parts  of  Colorado,  Wyoming,  and  Montana.  In  such  cases  the  alkali 
salts  may  be  most  apparent  near  the  foot  of  the  hills,  and  in  light, 
well-drained  valley  lands  may  disappear  altogether  before  reaching  the 
valley-trough. 

On  the  other  hand,  it  not  infrequently  happens  that  in  sloping  val- 
leys or  basiQs,  where  the  central  (lowest)  portion  receives  the  salts 
leached  out  of  the  adjacent  hills  and  valley  slopes  in  consequence  of 
slow  subdrainage,  we  find  belts  of  greater  or  less  width  iu  which  the 
alkali  impregnation  may  reach  to  the  depth  of  ten  or  twelve  feet,  usually 
within  more  or  less  definite  layers  of  calcareous  hardpani,  likewise  the 
outcome  of  the  leaching  of  the  valley  slopes.  Such  areas,  however,  are 
usually  quite  limited,  and  are,  of  course,  scarcely  reclaimable  without 
excessive  expenditure,  the  more  as  they  are  often  underlaid  by  saline 
bottom  water.  In  these  cases  the  predominant  saline  ingredient  is 
usually  common  salt,  as  might  be  expected,  and  as  is  exemplified  on  a 
large  scale  in  the  Great  Salt  Lake  of  Utah,  and  in  the  ocean  itself. 

In  many  cases,  in  Califomia  and  elsewhere,  the  over-irrigat;ion  of 
bench  or  slope  lands  has  caused,  first  the  lower  slopes,  and  then  the 
bottom  lands  of  streams  and  rivers,  to  be  overrun  with  alkali  salts, 
although  before  irrigation  was  practiced  these  lands  were  exempt  from 
them.  In  some  portions  of  the  San  Joaquin  Valley  this  trouble  has 
become  most  serious,  fertile  lands  long  under  successful  cultivation 
being  rendered  useless  by  thousands  of  acres,  unless  an  expensive 
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system  of  underdrainage  were  resorted  to.  Even  this  remedy  is  largely 
inapplicable  in  the  absence  of  legislation  providing  for  right-of-way 
for  drainage  as  well  as  for  irrigation ;  but  any'Such  legislation  should, 
at  the  same  time,  provide  a  remedy  for  the  leakage  of  ditch-water,  which 
is  the  original  cause  of  the  injury. 


COMPOSITION  OF  ALKAU  SALTS. 

Broadly  speaking,  it  may  be  said  that,  the  world  over,  alkali  salts 
consist  of  three  chief  ingredients,  namely,  common  salt,  glauber  salt 
(sulfate  of  soda),  and  salsoda  or  carbonate  of  soda.  The  latter 
causes  what  is  popularly  known  as  ** black  alkali,*'  from  the  black 
spots  or  puddles  seen  on  the  surface  of  lands  tainted  with  it,  owing  to 
the  dissolution  of  the  soil  humus ;  while  the  other  salts,  often  together 
with  epsom  salt,  constitute  ** white  alkali,"  which  is  known  to  be  very 
much  milder  in  its  effect  on  plants  than  the  black.  In  most  cases  all 
three  are  present,  and  all  may  be  considered  as  practicaUy  valueless  or 
noxious  to  plant  growth.  Sulfate  of  magnesia  (epsom  salt)  and  the 
chlorids  of  magnesium  and  calcium  are  also  not  uncommon,  especially 
in  the  interior  region— Montana,  Wyoming,  Colorado,  Utah,  and  New 
Mexico,  where  the  first-named  sometimes  forms  the  predominant  ingre- 
dient.   They  also  are  found  in  California. 

With  these  noxious  salts,  however,  there  are  almost  always  associated, 
in  varying  amounts,  sulfate  of  potash,  phosphate  of  soda,  and  nitrate 
of  soda,  representing  the  three  elements— potassiimi,  phosphorus,  and 
nitrogen— upon  the  presence  of  which  in  the  soil,  in  available  form, 
the  welfare  of  our  crops  so  essentially  depends,  and  which  we  aim 
to  supply  in  fertilizers.  The  potash  salt  is  usually  present  to  the 
extent  of  from  5  to  20  per  cent  of  the  total  salts;  phosphate,  from  a 
fraction  to  as  much  as  4  per  cent;  the  nitrate,  from  a  fraction  to  as 
much  as  20  per  cent.  In  black  alkali  the  nitrate  is  usually  low,  the 
phosphate  high;  in  the  white,  the  reverse  is  true. 

It  is  thus  clear  that  if  we  were  to  make  a  rule  of  reclaiming  alkali 
lands  by  leaching  out  the  salts  with  an  abundance  of  irrigation  water,  we 
would  get  rid  not  only  of  the  noxious  salts,  but  also  of  those  ingredients 
upon  which  productiveness  primarily  depends,  and  for  which  we  pay 
heavily  in  fertilizers.    This  is  evidently  to  be  avoided,  if  possible. 

Summing  up  the  conclusions  from  the  foregoing  observations  and 
considerations  we  find  that— 

(1)  The  amount  of  soluble  salts  in  alkali  soils  is  usually  limited; 
they  are  not  ordinarily  supplied  in  indefinite  quantities  from  the 
bottom  water  below.  These  salts  have  mostly  been  formed  by  weather- 
ing, in  the  soil  layer  itself. 
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(2)  The  salts  ordinarily  move  up  and  down  within  the  upper  four 
or  five  feet  of  the  soil  and  subsoil,  following  the  movement  of  the  mois- 
ture ;  descending  in  the  rainy  season  to  the  limit  of  the  annual  moisten- 
ing as  a  maximum,  and  then  reaseending  or  not  according  as  surface 
evaporation  may  demand.  At  the  end  of  the  dry  season,  in  untilled 
irrigated  land,  practically  the  entire  mass  of  salts  may  be  within  six  or 
eight  inches  of  the  surface. 

(3)  The  injury  to  vegetation  is  caused  mainly,  sometimes  wholly, 
within  a  few  inches  of  the  surface,  by  the  corrosion  of  the  bark,  usually 
near  the  root  crown.  This  corrosion  is  strongest  when  carbonate  of  soda 
(salsoda)  forms  a  large  proportion  of  the  salts ;  the  soda  then  also  dis- 
solves the  vegetable  mold  and  causes  blackish  spots  in  the  soil,  popu- 
larly known  as  black  alkali. 

(4)  The  injury  caused  by  carbonate  of  soda  is  aggravated  by  its 
action  in  puddling  the  soil  so  as  to  cause  it  to  lose  its  flaky  condition, 
rendering  it  almost  or  quite  untillable.  It  also  tends  to  form  in  the 
depths  of  the  soil  layer  a  tough  hardpan,  impervious  to  water,  which 
yields  to  neither  plow,  pick,  nor  crowbar,  and  rendei-s  drainage  and 
leaching  impossible.  Its  presence  is  easily  ascertained  by  means  of  a 
pointed  steel  sounding  rod. 

(5)  While  alkali  lands  share  with  other  soils  of  the  arid  region  the 
advantage  of  unusually  high  percentages  of  plant-food  in  the  insoluble 
form,*  they  also  contain,  alongside  of  the  noxious  salts,  considerable 
amounts  of  water-soluble  plant-food.  When,  therefore,  the  action  of  the 
noxious  salts  is  done  away  with,  they  should  be  profusely  and  lastingly 
productive;  particularly  as  they  are  always  naturally  somewhat  moist 
in  consequence  of  the  attraction  of  moisture  by  the  salts,  and  are  there- 
fore less  liable  to  injury  from  drought  than  the  same  soils  when  free 
from  alkali. 

UTILIZATION  AND  RECLAMATION  OF  ALKALI  LANDS. 

The  most  obvious  mode  of  utilizing  alkali  lands  is  to  occupy  them 
with  useful  plants  that  are  not  aflfected  by  the  noxious  salts.  Unfortu- 
nately, as  has  already  been  stated,  but  few  such  crops  of  general  utility, 
especially  for  the  commercial  and  labor  conditions  of  this  country,  have 
ajs  yet  been  found.  Practically  the  most  important  problem  is  to  render 
these  lands  available  for  our  ordinary  cultures,  by  methods  financially 
possible. 

Counteracting  Evaporation.— Since  evaporation  of  the  soil  moisture 
at  the  surface  is  what  brings  the  alkali  salts  to  the  level  where  the 
main  injury  to  plants  occurs,  it  is  obvious  that  evaporation  should  be 


•See  Bulletin  No.  3  of  the  U.  S.  Weather  Bureau,  1892;  Report  California  Station, 
1894-5. 
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prevented  as  much  as  possible.  This  is  the  more  important,  as  the 
saving  of  soil  moisture,  and  therefore  of  irrigation  water,  is  attainable 
by  the  same  means. 

Three  methods  for  this  purpose  are  usually  practiced  by  farmers  and 
gardeners,  viz,  shading,  mulching,  and  the  maintenance  of  loose  tilth 
in  the  surface  soil  to  such  depth  as  may  be  required  by  the  climatic 
conditions. 

Mulching  is  already  well  recognized  in  the  alkali  regions  of  California 
as  an  effective  remedy  in  light  cases.  Fruit  trees  are  frequently  thus 
protected,  particularly  while  young,  after  which  their  shade  alone  may 
(as  in  the  case  of  low-trained  orange  trees)  suffice  to  prevent  injury. 
The  same  often  happens  in  the  case,  of  low-trained  vines,  small  fruits, 
and  vegetables.  Sanding  of  the  surface  to  the  depth  of  several  inches 
was  among  the  first  attempts  in  this  direction;  but  the  necessity  of 
cultivation,  involving  the  renewal  of  the  sand  each  season,  renders 
this  a  costly  method.  Straw,  leaves,  and  manure  have  been  more 
successfully  used;  but  even  these,  unless  employed  for  the  purpose  of 
fertilization,  involve  more  expense  and  trouble  than  the  simple  mainte- 
nance of  very  loose  tilth  of  the  surface  soU  throughout  the  dry  season; 
a  remedy  which,  of  course,  is  equally  applicable  to  hoed  field  crops, 
and  in  the  case  of  some  of  these— e.  g.,  cotton— is  a  necessary  condition 
of  cultural  success  everywhere.  The  wide  prevalence  of  "light''  and 
deep  soils  in  the  arid  regions,  from  causes  inherent  in  the  climate 
itself,*  renders  this  condition  of  relatively  easy  fulfillment. 

Diluting  the  Alkali  Salts.— Aside,  however,  from  the  mere  preven- 
tion of  surface  evaporation,  another  favorable  condition  is  realized  by 
this  procedure,  namely,  the  commingling  of  the  heavily  salt-charged 
surface  layers  with  the  relatively  nonalkaline  subsoil.  Since  in  the  arid 
regions  the  roots  of  all  plants  retire  farther  from  the  surface  because  of 
the  deadly  drought  and  heat  of  summer,  it  is  possible  to  cultivate 
deeper  than  could  safely  be  done  with  growing  crops  in  himiid  climates. 
Yet  even  here,  the  maxim  of  **  deep  preparation  and  shallow  culti- 
vation" is  put  into  practice  with  advantage,  only  changing  the  measure- 
ments of  depth  to  correspond  with  the  altered  climatic  conditions. 
Thus,  while  in  the  eastern  United  States  four  inches  is  the  accepted 
standard  of  depth  for  summer  cultivation  to  preserve  moisture  without 
injury  to  the  roots,  that  depth  must  in  the  arid  region  frequently  be 
doubled  in  order  to  be  effective,  and  will  even  then  scarcely  touch  a 
living  root  in  orchards  and  vineyards  in  unirrigated  land. 

A  glance  at  Fig.  1  (p.  9)  will  show  the  great  advantage  of  extra 
deep  preparation  in  commingling  the  alkali  salts  accumulated  near 
the  surface  with  the  lower  soil  layers,  diffusing  the  salts  through  twelve 


♦See  reference  on  preceding  page. 
2-BtJL.  128-133 
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instead  of  six  inches  of  soil  mass.  This  will  in  very  many  cases  suffice 
lo  render  the  growth  of  ordinary  crops  possible  if,  by  subsequent  fre- 
quent and  thorough  cultivation,  surface  evaporation,  and  with  it  the 
reascent  of  the  salts  to  the  surface,  is  prevented.  A  striking  example 
of  the  efficiency  of  this  mode  of  procedure  was  given  at  the  Tulare 
substation,  where  a  portion  of  a  very  bad  alkali  spot  was  trenched  to 
the  depth  of  two  feet,  throwing  the  surface  soil  to  the  bottom.  The  spot 
thus  treated  produced  excellent  wheat  crops  for  a  few  years—the  time 
it  took  the  alkali  salts  to  reascend  to  the  surface. 

It  should  therefore  be  kept  m  mind  that  whatever  else  is  done  toward 
reclamation,  deep  preparatuyn  and  thorough  surface  cultivation  must 
be  regarded  as  prime  factors  for  the  maintenance  of  production  on  all 
alkali  lands. 

The  efficacy  of  shading,  already  referred  to,  is  strikingly  illustrated 
in  the  case  of  some  field  crops  which, '  when .  once  established,  will 
thrive  on  fairly  strong  alkali  soil,  provided  that  a  good  thick  *' stand  "^ 
has  once  been  obtained.  This  is  notably  true  of  the  great  forage  crop 
of  the  arid  region,  alfalfa,  or  lucem.  Its  seed  is  extremely  sensitive  to 
black  alkali,  and  will  decay  in  the  ground  unless  protected  against  it. 
But  when  once  a  full  stand  has  been  obtained,  the  field  may  endure  for 
many  years  without  a  sign  of  injury.  Here  two  effects  combine,  viz, 
the  shading,  and  the  evaporation  through  the  deep  roots  and  abundant 
foliage,  which  alone  prevents,  in  a  large  measure,  the  ascent  of  the 
moisture  to  the  surface.  The  case  is  then  precisely  parallel  to  that  of 
the  natural  soil  (see  Fig.  2),  except  that,  as  irrigation  is  practiced  in 
order  to  stimulate  production,  the  sheet  of  alkali  hardpan  will  be  dis- 
solved and  its  salts  spread  through  the  soil  more  evenly.  The  result  is 
that  oftentimes,  so  soon  as  the  alfalfa  is  taken  off  the  ground  and  the 
cultivation  of  other  crops  is  attempted,  an  altogether  unexpectedly  large 
amount  of  alkali  comes  to  the  surface  and  greatly  impedes,  if  it  does 
not  altogether  prevent,  the  immediate  planting  of  other  crops.  ShaUow- 
rooted  annual  crops  that  give  but  little  shade,  like  the  cereals,  while 
measurably  impeding  the  rise  of  the  salts  during  their  growth,  fre- 
quently allow  of  enough  rise  after  harvest  to  prevent  reseeding  the 
following  season. 

Chemical  Remedies.— Ot  the  three  sodium  salts  that  usually  consti- 
tute the  bulk  of  ** alkali,'*  only  the  carbonate  of  soda  is  susceptible  of 
being  materially  changed  by  any  agent  that  can  practically  be  applied 
to  land.  So  far  as  we  know,  the  salt  of  sodium  least  injurious  to 
ordinary  vegetation  is  the  sulfate,  commonly  called  glauber  salt,  which 
ordinarily  forms  the  chief  ingredient  of  white  alkali.  Thus  barley  is 
capable  of  resisting  about  five  times  more  of  the  sulfate  than  of  the 
carbonate,  and  quite  twice  as  much  as  of  common  salt.     Since  the 
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maximum  percentage  that  can  be  resisted  by  plants  varies  materially 
with  the  kind  of  soil,  it  is  difficult  to  give  exact  figures  save  with  respect 
to  particular  ca«es.  For  the  sandy  loam  of  the  Tulare  substation  the 
maximum  for  cereals  may  be  approximately  stated  to  be  one  tenth  of 
one  per  cent  (0.1)  for  salsoda,  a  fourth  of  one  per  cent  (0.25)  for 
common  salt,  and  from  forty-five  to  fifty  one  hundredths  of  one  per 
cent  (0.45-.50)  for  glauber  salt,  within  the  first  foot  from  the  surface. 
For  clay  soils  the  tolerance  is  markedly  less,  especially  as  regards  the 
salsoda,  since  in  their  case  the  injurious  eflFect  on  the  tilling  qualities 
of  the  soil,  already  referred  to,  is  superadded  to  the  corrosive  action  of 


FIG.  5.    Wheat  growing  3  feet  high  in  soil  crusted  with  white  alkali,  originally  a  barren 
black-alkali  spot  but  reclaimed  with  gypsum.    Tulare  Experiment  Substation. 

that  salt;  and  in  them,  moreover,  accumulation  at  the  surface  is  more 
pronounced. 

Since,  then,  so  little  carbonate  of  soda  suffices  to  render  soils  un- 
cultivable,  it  frequently  happens  that  its  mere  transformation  into 
the  sulfate  is  sufficient  to  remove  all  stress  from  edkali.  Gypsum 
(land-plaster)  is  the  cheapest  and  most  eflFective  agent  to  bring  about 
this  transformation,  provided  water  be  also  present.  The  amount 
required  per  acre  will,  of  course,  vary  with  the  amount  of  carbonate 
of  soda  in  the  soil,  all  the  way  from  a  few  hundred  pounds  to  several 
tons  in  the  case  of  strong  alkali  spots.  But  it  is  not  usually  necessary 
to  add  the  entire  quantity  at  once,  provided  that  sufficient  be  used  to 
neutralize  the  alkali  near  the  s^trface,  and  enough  time  be  allowed  for 
the  action  to  take  place.  In  very  wet  soils  this  may  occur  within  a  few 
days;  in  merely  damp  soils,  in  the  course  of  months;  but  usually  the 
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effect  increases  for  years,  as  the  salts  rise  from  below.  For  the  com- 
plete neutralization  of  each  1,000  pounds  of  carbonate  of  soda  in  the 
land,  1,630  pounds  of  pure  gypsum  is  required.  But  of  the  impure, 
80-85  per  cent  article  as  now  on  the  market  in  California,  an  even  double 
quantity,  or  2,000  pounds,  would  be  the  proper  dose. 

The  effect  of  gypsum  on  the  black-alkali  soil  of  Tulare  substation 
was  to  change  a  barren  spot  into  a  tract  which  produced  a  fine  crop  of 
wheat,  although  the  surface  of  the  soil  was  covered  with  a  crust  of  the 
white  alkali  (sulfate  of  soda).  This  is  shown  in  the  photograph 
(Fig.  5)  on  preceding  page. 

The  effect  of  gypsum  on  black  alkali  land  is  often  very  striking, 
even  to  the  eye.  The  blackish  puddles  and  spots  disappear,  because 
the  gypsum  renders  the  dissolved  humus  insoluble  and  thus  restores  it 
to  the  soil.  The  latter  soon  loses  its  hard,  puddled  condition  and 
crumbles  and  bulges  into  a  loose  mass,  into  which  water  now  soaks 
freely,  bringing  up  the  previously  depressed  spots  to  the  general  level 
of  the  land,  and  permitting  free  subdrainage.  On  the  surface  thus 
changed  seeds  now  germinate  and  grow  without  hindrance ;  and  as  the 
injury  from  alkali  occurs  at  or  near  the  surface,  it  is  usually  best  to 
simply  harrow-in  the  plaster,  leaving  the  water  to  carry  it  down  in 
solution.  Soluble  phosphates  present  are  decomposed,  so  as  to  retain 
finely  divided  but  less  soluble  phosphates  in  the  soil. 

Trees  and  vines  already  planted  may  be  temporarily  protected  from 
the  worst  effects  of  the  black  alkali  by  surrounding  the  trunks  with 
gypsum  or  with  earth  abundantly  mixed  with  it.  Seeds  may  be  simi- 
larly protected  in  sowing,  and  plants  in  planting. 

It  must  not  be  forgotten  that  this  beneficial  change  effected  by  the 
gypsum  may  go  backward  if  the  land  thus  treated  is  permitted  to  be 
swamped  by  excess  of  irrigation  water  or  otherwise.  Under  the  same 
conditions  alkali  naturally  white  may  turn  to  black;  and  no  amount 
of  gypsum  used  can  prevent  or  undo  this  until  the  excess  of  water  is 
drained  off  and  the  soil  allowed  time  for  aeration.  Thus  while  exces- 
sive irrigation  is  injurious  at  all  times  in  diminishing  the  death  of  root- 
growth  and  the  feeding  area  of  the  plant,  it  is  especially  injurious 
when  alkali  is  present. 

Of  course  gypsum  is  of  no  benefit  whatever  on  soils  containing  no 
salsoda,  but  only  glauber  and  common  salt. 

Stable  Manure  and  Other  Fertilizers.— -Under  the  impression  that 
alkali  land  is  poor  in  plant-food,  farmers  frequently  try  applications 
of  stable  manure  and  other  fertilizers.  As  a  rule  these  applications  are 
not  only  useless,  but  even  harmful.  From  their  very  mode  of  forma- 
tion, alkali  lands  are  exceptionally  rich  in  plant-food,  so  that  the 
addition  of  more  can  do  no  good.    In  the  case  of  stable  manure  being 
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used  on  black  alkali  ^ound,  a  pungent  odor  of  ammonia  is  given  off 
whenever  the  sun  shines,  and  plants  otherwise  doing  well  are  thus 
injured  or  killed.  When  well  plowed-in,  stable  manure  will  sometimes 
prevent  to  some  extent  the  rise  of  the  alkali  by  diminishing  evaporation ; 
but  its  usefulness  in  that  respect  is  readily  replaced  by  good  tillage. 
The  main  benefit  obtained  is  the  addition  of  humus  to  soils  that  have 
been  whitened  by  alkali  action. 

Potash  salts,  especially  kainit,  are  wholly  useless  and  add  to  the 
alkali  trouble;  potash  is  always  abundantly  present  in  alkali  lands, 
even  in  the  water-soluble  condition.  Nitrates,  also,  are  always  present 
in  alkali  soils  in  sufficient  amounts  for  plant  growth,  sometimes  to 
excess.  Phosphates  may  sometimes  be  useful,  but  will  rarely  be  needed 
for  some  years.  Greenmanuring,  on  the  other  hand,  is  a  very  desirable 
improvement  on  all  alkali  lands. 

REMOVING  THE  SALTS  FROM  THE  SOIL. 

In  case  the  amount  of  salts  in  the  soil  should  be  so  great  that  even 
the  change  worked  by  gypsum  is  insufficient  to  render  it  available  for 
useful  crops,  the  only  remedy  left  is  to  remove  the  salts  partially  or 
wholly  from  the  land. 

Two  chief  methods  are  available  for  this  purpose.  One  is  to  remove 
the  salts,  with  more  or  less  earth,  from  the  surface  at  the  end  of  the 
dry  season,  either  by  sweeping,  or  by  means  of  a  horse  scraper  set  so  as 
to  carry  off  a  certain  depth  of  soil.  Thus  sometimes  in  a  single  season 
one  third  or  one  half  of  the  total  salts  may  be  got  rid  of,  the  loss  of  a 
few  inches  of  surface  soil  being  of  little  moment  in  the  deep  soils  of  the 
arid  region.  On  small  tracts,  as  in  gardens,  this  can  be  very  effectively 
done. 

The  other  method  is  to  leach  down  the  salts  by  flooding;  either  into 
the  country  drainage,  which  wiU  afford  definitive  relief,  supplementing 
by  irrigation  water  what  is  left  undone  by  the  deficient  rainfall;  or 
else  to  a  depth  sufficient  to  allow  seeds  to  sprout  so  as  to  produce  a  good 
stand  without  injury  from  alkali,  and  then  to  keep  the  latter  down  by 
means  of  irrigation  in  deep  furrows— the  use  of  shallow  furrows  as 
usually  made  will  rapidly  bring  the  salts  to  the  surface  again  by 
evaporation— or  in  the  case  of  broadcast  cultures,  by  repeated  flooding. 
When  the  salts  have  once  been  washed  down  to  the  depth  of  several 
feet  by  flooding,  the  conscientious  practice  of  deep-furrow  irrigation 
can  be  made  to  keep  them  out  of  reach  indefinitely,  or  until  underdrains 
can  be  afforded. 

It  is  not  practicable,  as  many  suppose,  to  wash  the  salts  off  the  sur- 
face by  a  rush  of  water,  as  they  instantly  soak  into  the  ground  at  the 
first  touch.    Nor  is  there  any  sensible  relief  from  allowing  the  water  to 
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stand  on  the  land  and  then  drawing  it  off;  in  this  case  also  the  salts 
soak  down  ahead  of  the  water,  and  the  water  standing  on  the  surface 
remains  almost  unchanged.  In  very  pervious  soils,  and  in  the  case  of 
white  alkali,  the  washing-out  can  often  be  accomplished  without  special 
provision  for  underdrainage,  by  leaving  the  water  on  the  land  sufl8- 
ciently  long.  But  the  laying  of  regular  underdrains  greatly  accelerates 
the  work,  and  renders  success  certain.  In  the  case  of  black  alkali, 
however,  either  the  impervious  hardpan  or  (in  the  case  of  actual  alkali 
spots)  the  impenetrability  of  the  surface  soil  itself  will  render  even 
underdrains  ineffective  unless  the  salsoda  and  its  effects  on  the  soil 
are  first  destroyed  by  the  use  of  gypsum,  as  above  detailed.  This  is 
not  only  necessary  in  order  to  render  drainage  and  leaching  possible, 
but  is  also  advisable  in  order  to  prevent  the  leaching-out  of  the  valuable 
humus  and  soluble  phosphates,  which  are  rendered  insoluble  (but  not 
unavailable  to  plants)  by  the  action  of  the  gypsum.  Wherever  black 
alkali  is  found,  in  considerable  proportion,  the  application  of  gypsum 
should  precede  any  and  all  other  efforts  toward  reclamation. 

Another  method  for  diminishing  the  amount  of  alkali  in  the  soil  is 
the  cropping  with  plants  that  take  up  considerable  amounts  of  salts. 
In  taking  them  into  cultivation,  it  is  advisable  to  remove  entirely  from 
the  land  the  salt  growth  that  may  naturally  cover  it,  notably  the 
bushy  samphire  and  greasewood  (AUenrolfea,  Sarcobatus),  with  their 
heavy  percentages  of  alkaline  ash.  Crop  plants  adapted  to  the  same 
object  are  mentioned  farther  on. 

The  effect  of  removing  the  alkali  salts  from  the  surface  soil  to  a  depth 
beyond  the  tree  roots  by  the  liberal  use  of  irrigation  water  was  well 
shown  in  a  lemon  orchard  near  La  Mirada,  Los  Angeles  County,  where 
some  of  the  trees  were  badly  stunted  by  the  presence  of  about  3,800 
pounds  of  carbonate  of  soda  and  common  salt.  The  manager,  by  an 
excessive  use  of  water,  disvsolved  the  salts  and  caused  them  to  be  carried 
down  deeply  .beyond  the  roots,  and  the  result  shortly  was  apparent 
in  the  improved  growth  and  condition  of  the  trees.  The  accompanying 
photographs  were  taken  before  and  after  the  treatment,  and  the  change 
from  poor  to  good  condition  is  well  shown. 

WILL  IT  PAY  TO  RECLAIM  ALKALI  liANDS? 

This  is  a  question  naturally  asked  when  considering  the  nature  and 
expense  of  the  operation  involved,  especially  when  the  last  resort— 
underdraining  and  leaching— has  to  be  adopted. 

Those  familiar  with  the  alkali  regions  are  aware  how  often  the 
occurrence  of  alkali  spots  interrupts  the  continuity  of  fields  and 
orchards,  of  which  they  form  only  a  small  part,  but  enough  to  mar  their 
aspect  and  cultivation.    Their  increase  and  expansion  under  irrigation 
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FIG  6.    Lemon  orchard  affected  by  alkali  before  deep  irrigation. 
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FIG.  7.    The  above  orchard  after  alkali  was  driven  down  by  deep  irrigation,  followed  by 

cultivation. 
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frequently  render  their  reclamation  the  only  alternative  of  absolute 
abandonment  of  the  investments  and  improvements  made,  and  from 
that  point  of  view  alone  it  is  of  no  slight  practical  importance.  More- 
over, the  occurrence  of  vast  continuous  stretches  of  alkali  lands  within 
the  otherwise  most  eligibly  situated  portions  of  the  irrigation  regioa 
forms  a  strong  incentive  toward  their  utilization. 

There  is,  however,  a  strong  intrinsic  reason  pointing  in  the  same 
direction,  namely,  the  almost  invariably  high  and  lasting  productive- 
ness of  these  lands  when  once  rendered  available  to  agriculture.  This 
is  foreshadowed  by  the  usually  very  heavy  and  luxuriant  growth  of 
native  plants  around  the  margins  of  and  between  alkali  spots  (see 
Fig.  8) ;  that  is,  wherever  the  amount  of  injurious  salts  present  is  so 
small  as  not  to  interfere  with  the  utilization  of  the  abundant  store  of 
plant-food  which,  under  the  peculiar  conditions  of  soil  formation  in 
arid  climates,  remains  in  the  land  instead  of  being  washed  into  the 
ocean.  Extended  comparative  investigations  of  soil  composition,  as 
well  as  the  experience  of  thousands  of  years  in  the  oldest  settled 
countries  of  the  world,  demonstrate  this  fact  and  show  that,  so  far  from 
being  in  need  of  fertilization,  alkali  lands  possess  extraordinary  pro- 
ductive capacity  whenever  freed  from  the  injurious  influence  of  the 
excess  of  useless  salts  left  in  the  soil  in  consequence  of  deficient  rainfall. 
Alkali  salts  are  actually  scraped  up  and  carried  to  the  cultivated  fields 
in  sacks  in  parts  of  Turkestan,  the  peasants  considering  that  ''the 
salt  is  the  life  of  the  land."     (Middendorf.) 

It  does  not,  of  course,  follow  that  alkali  lands  are  good  lands  for 
farmers  of  limited  means  to  settle  upon.  On  the  contrary,  like  most 
other  business  enterprises,  they  require  a  certain  amount  of  capital 
and  lapse  of  time  to  render  them  productive.  They  are  not,  therefore,  a 
proper  investment  for  farmers  or  settlers  of  small  means,  dependent  on 
annual  crops  for  their  livelihood  and  unable  to  bring  to  bear  upon  these 
soils  the  proper  means  for  their  reclamation ;  unless,  indeed,  local  con- 
ditions should  enable  them  to  use  successfully  some  of  the  crops  specially 
adapted  to  alkali  lands. 

CROPS  SUITABLE  FOR   ALKAU   LANDS. 

As  has  already  been  stated,  the  search  for  generally  available  crOps 
that  will  thrive  in  strong,  unreclaimed  alkali  land  has  not  thus  far 
been  very  successful.  It  is  true  that  cattle  will  nibble  alkali  grass 
(Disiichlis  spicata),  but  will  soon  leave  it  for  any  dry  food  that  may  be 
within  reach.  The  same  is  true  of  all  the  fleshy  plants  that  grow  on 
the  stronger  alkali  lands,  and  are  known  under  the  general  designation 
of  alkali  weeds.  When  stock  unaccustomed  to  it  are  forced  by  hunger 
to   feed  on  such   vegetation   to   any   considerable   extent,   disordered 
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digestion  is  apt  to  result;  which,  in  such  ranges,  however,  is  often 
counteracted  by  feeding  on  aromatic  or  astringent  antidotes,  such  as 
the  gray  sagebrush  and  the  more  or  less  resinous  herbage  of  plants  of 
the  sunflower  family.  In  the  Great  Basin  region,  lying  between  the 
Sierra  Nevada  and  the  front  range  of  the  Rocky  Mountains,  there  are, 
aside  from  the  grasses,  numerous  herbaceous  and  shrubby  plants  that 
aflPord  valuable  pasturage  for  stock,*  and  some  of  these  grow  on  mod- 
tjrately  strong  alkali  land ;  the  same  is  true  in  California.  It  is  quite 
possible  that  some  of  these  will  be  found  to  lend  themselves  to  ready 
propagation  for  culture  purposes  as  weU  as  they  do  for  restocking  the 
ranges.  But  thus  far  none  have  found  wider  acceptance,  probably 
because  their  stiff  branches  and  upright  habit  render  them  inconvenient 
to  handle.  It  wiU  require  more  extended  experience  and  experiment 
before  any  of  these  can  be  definitely  adopted  by  farmers. 

Experience  in  California  indicates  that  in  the  more  southerly  portion 
of  the  arid  region  the  unpalatable  native  plants  may  be  generally 
replaced,  even  on  the  ranges,  by  one  or  more  species  of  the  Australian 
saltbushes  (Atriplex  spp.),  long  ago  recommended  by  Baron  von  Mueller 
of  Melbourne;  of  which  one  (A,  semibaccata)  has  proved  eminently 
adapted  to  the  climate  and  soil  of  California  and  is  readily  eaten  by 
all  kinds  of  stock.  The  facility  with  which  it  is  propagated,  its  quick 
development,  the  large  amount  of  feed  yielded  on  a  given  area,  even 
in  the  strongest  alkali  land  ordinarily  found,  and  its  thin,  flexible  stems, 
permitting  it  to  be  handled  very  much  like  alfalfa,  seem  to  commend 
it  especially  to  the  farmer's  consideration  wherever  the  climate  will 
{permit  of  its  use.  Its  resistance  to  severe  cold  weather  has  not  yet 
been  adequately  tested.  It  is  probable  that  other  species,  now  also 
under  trial,  will  equally  justify  the  recommendation  given  them  by 
the  eminent  botanist  who  first  brought  them  into  public  notice  as 
promising  forage  plants.  Most  of  the  species  have  an  upright,  shrubby 
habit  which  adapts  them  rather  to  browsing  than  to  use  as  a  forage 
crop.  Among  the  best  next  to  the  semibaccata  are  the  species  leptocarpa 
and  halimoides,  the  former  spmewhat  similar  in  habit  to  the  semibaccata 
but  not  so  rapid  a  grower.  The  A.  nummularia  (old-man  saltbush). 
highly  valued  and  recommended  in  Australia  and  Algeria,  is  not  liked 
by  California  stock;  but  the  species  cachiyouyo,  introduced  from 
Argentina,  seems  to  be  palatable  to  all  kinds  of  stock,  and  but  for  its 
tall,  upright  habit,  would  be  among  the  most  acceptable  of  the  salt- 
bushes,  being  very  productive. 

A  special  bulletin  on  the  saltbushes,  Australian  as  well  as  native,  has 
been  published  by  this  Station  and  will  be  sent  on  request. 


•See  Bulletin  No.  16  of  the  Wyoming  Experiment  Station ;  also  Bulletins  Nos.  2 
and  12  of  the  Division  of  Agrostology,  and  Farmers*  Bulletin  No.  108,  U.  S.  Depart- 
ment of  Agriculture. 
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It  is  to  be  noted  that  since  the  saltbushes  take  up  nearly  one  fifth  of 
their  dry  weight  of  ash  ingredients,*  largely  common  salt,  the  complete 
removal  from  the  land  of  a  five-ton  crop  of  saltbush  hay  will  take  away 
nearly  a  ton  of  the  alkali  salts  per  acre.  This  will  in  the  course  of 
some  years  be  quite  sufficient  to  reduce  materially  the  saline  contents 
of  the  land,  and  will  frequently  render  possible  the  culture  of  ordinary 
crops. 

Next  to  the  saltbushes  the  Chilean  plant  Modiola  decumbens  (now 
commonly  known  as  modiola  simply),  of  the  mallow  family,  deserves 
attention.  Accidentally  introduced  as  a  weed  with  other  seeds,  by  the 
Kern  County  Land  Company  at  Bakersfield,  it  attracted  attention  by 
its  persistence  on  alkali  lands,  and  by  the  observation  that  cattle  ate  it 
freely.  It  was  then  grown  on  a  larger  scale,  and  found  to  make  accep- 
table pasture  where  alfalfa  could  not  be  grown  on  account  of  alkali. 
It  is  a  trailing  plant,  with  medium-sized,  roundish  foliage,  and  roots 
freely  at  the  joints  where  they  touch  the  ground.  Unlike  the  saltbushes 
it  is  therefore  a  formidable  weed  where  it  is  not  wanted;  but  as, 
according  to  our  determinations,  it  resists  as  much  as  52,000  pounds  of 
salts  per  acre,  even  when  41,000  of  these  is  common  salt,  it  is  likely  to 
be  useful  in  many  cases,  particularly  as  an  admixture  to  a  saltbush  diet 
for  stock,  the  more  as  it  does  not  absorb  as  much  salt  as  the  latter. 
Owing  to  the  rooting  habit  of  the  stems,  it  is  not  as  convenient  to 
handle  as  the  semibaccata  saltbush,  nor,  probably,  will  it  yield  as  much 
fodder  in  a  season.    It  seems  best  adapted  to  pasturage. 

Another  forage  plant  which  it  may  hereafter  pay  to  propagate  arti- 
ficially on  strong  alkali  land,  is  the  tussock-grass  {Sporoholus  airoides) , 
of  which  a  figure  is  given  on  page  63.  Indicating  as  it  usually  does 
when  growing  naturally,  land  too  strongly  impregnated  to  be  reclaimable 
at  this  time,  but  being  freely  eaten  by  stock,  it  seems  worth  while  to 
count  it  among  the  possible  pasture  grasses  for  land  too  strongly 
alkaline  to  bear  ordinary  crops.  Its  seed  can  be  abundantly  gathered 
in  its  native  habitats,  indicated  below. 

TOLERANCE  OF  ALKALI  BY  VARIOUS  CULTURES. 

In  1898-1900  we  made  special  investigations  on  this  subject  and 
have  endeavored  to  ascertain,  as  far  is  possible,  the  highest  amount  of 
each  salt  occurring  in  four  feet  depth  in  which  the  diflPerent  cultures 
of  all  kinds— orchard,  as  well  as  others— wiU  grow  and  come  to  matur- 
ity ;  for  while  it  is  true  that  it  is  the  alkali  within  the  first  foot  or  two 
of  the  surface  that  is  liable  to  produce  the  chief  injury  upon  the  roots 


^Analyses  made  at  the  California  station  show  19.37  per  cent  of  ash  in  the  air-dry 
matter  of  Australian  saltbush.  (See  California  Sta.  Bui.  105;  E.  S.  R.,  vol.  6, 
p.  718.)  Analyses  of  Russian  thistle  have  been  reported  showing  over  20  per  cent 
of  ash  in  dry  matter.  (See  Minnesota  Sta.  Bui.  34;  Iowa  Sta.  Bui.  20;  E.  S.  R.» 
vol.  6,  pp.  552,  553.) 
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of  the  plants,  it  is'  certain  that  there  will  come  a  time  in  the  cultivation 
of  the  land  when  nearly  all  of  the  salts  that  lie  in  the  lower  depths 
of  the  soil  will  be  reached  and  dissolved  by  the  water  that  has  been 
given  to  the  soU  either  by  rainfall  or  by  irrigation  in  sufficient  amounts 
to  pWcolate  downward  to  it,  and  will  be  brought  up  and  concentrated 
at  or  near  the  surface.  This  has  occurred  in  the  substations  at  Tulare 
and  Chino.  -  • 

It  is  this  concentration  that  has  proved  so  destructive  to  many  cul- 
tures that  for  a  time  have  done  well;  and  it  is  this  total  amount  within 
reach  of  water  that  must  be  considered  wh«i  orchard  trees  or  perennial 
crops  are  planted,  if  the  farmer  wishes  to  avoid  the  agony  of  seeing  his 
work  and  hopes  of  years  swept  away  by  the  sudden  activity  of  an  enemy 
which  has  been  hidden  in  the  lower  depths  of  his  land. 

All  of  this  injury  to  cultures  was  at  first  naturally  attributed  either 
to  the  content  of  carbonate  of  soda  in  the  surface  foot,  where  its 
corrosive  action  on  the  tender  bark  of  the  root  crown  could  be  felt,  or 
to  the  very  large  amount  of  total  salts  which  might  produce  stagnation 
of  the  sap  or  o]ther  injury  to  the  feeding  rootlets.  Some  analyses  and 
observations  were  made  at  that  time  both  on  the  amounts  of  alkali 
which  caused  suffering,  and  on  the  amounts  in  soils  where  no  trouble 
appeared;  the  results  are  given  in  previous  reports. 

The  depth  of  four  feet  has  been  adopted  as  the  proper  one,  because 
investigations  in  the  San  Joaquin  Valley  and  in  the  valley  of  southern 
California  have  shown  that  in  all  but  the  sandiest  of  soils  the  substrata 
below  that  depth,  while  not  entirely  free  from  alkali  salts,  contain  so 
little  and  are  so  commonly  beyond  the  depth  to  which  rainfall  or  irri- 
gation water  penetrates  or  the  effect  of  subsequent  surface  evaporation 
is  felt,  that  the  consideration  of  their  content  of  alkali  is  unimportant. 

Field  of  ObservaHon.—The  Tulare  and  Southern  California  substa- 
tions have  thus  far  been  almost  the  only  fields  of  observation,  while 
experiments  on  reclamation  problems  have  been  conducted  at  the  former 
station  at  the  same  time. 

The  Tulare  tract  was  originally  chosen  for  the  purpose  of  making  its 
alkali  land  the  subject  of  special  study  and  investigation ;  and  at  that 
time  but  one  large  alkali  spot  was  in  sight  on  the  surface,  the  rest  being 
covered  with  native  grasses  and  wildflowers.  Alkali  hardpan,  however, 
did  exist  at  depths  of  from  twelve  to  thirty-six  inches,  and  the  necessary 
use  of  irrigation  water  has,  by  percolation  to  the  alkali  and  subsequent 
capillary  rise,  brought  the  dissolved  salts  to  the  surface  here  and  there 
over  the  tract,  and  produced  a  number  of  gradually  enlarging  alkali 
spots.  This  gave  a  larger  field  of  reclamation  work  than  had  been 
intended  at  first,  while  at  the  same  time  enlarging  the  scope  of  obser- 
vation on  various  cultures.    The  effect  of  this  rise  of  alkali  was  seen 
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in  the  blighted  appearance  of  tree  growths  and  other  cultures  that  had 
at  first  been  doing  well,  as  well  as  in  the  bare  spots  so  characteristic  of 
''black  alkali." 

Reclamation  of  the  black  alkali  has  been  carried  on  for  a  number  of 
years,  gypsum  being  applied,  turned  under  and  thoroughly  watered. 
The  result  has  been  a  very  general  conversion  of  the  dreaded  carbonate 
of  soda  into  the  far  less  harmful  sulfate ;  and  on  spots  where  not  a  blade 
of  grass  would  previously  grow,  there  have  been  produced  excellent 
wheat  and  barley,  three  or  four  feet  high  and  full-headed,  although 
the  surface  of  the  ground  was  at  harvest  time  covered  by  a  thick  crust 
of  white  alkali.     (See  Fig.  5,  page  19.) 

Extent  of  the  Investigation.— About  one  hundred  varieties  of  cultures 
have  been  studied ;  these  embrace  orchard  trees,  grain  and  forage  crops, 
grasses,  vegetables,  and  other  miscellaneous  growths.  The  greater  part 
of  the  results  are  valuable  toward  reaching  the  end  in  view,  but  others 
were  disappointing  in  that  the  soils  showed  a  far  less  amount  of  alkali 
salts  than,  was  indicated  by  surrounding  conditions. 

In  many  cases,  several  localities  were  chosen  for  the 'examination  of 
the  soil  of  the  same  culture,  for  it  is  impossible  to  judge  of  the  nature 
and  extent  of  alkali  soils  by  the  eye  alone.  For  instance,  many  alfalfa 
fields  in  several  parts  of  the  State  were  sampled  before  conclusions  at 
all  satisfactory  were  reached,  the  majority  having  less  than  we  had 
reason  to  believe. 

The  samples  have  all  been  carefully  taken,  each  foot  of  the  vertical 
soil-column  being  carefully  mixed,  in  order  that  its  sample  may  be  an 
average  of  that  foot.  Many  hundred  analyses  have  been  made  with 
the  assistance  of  lilessrs.  Colby,  Snow,  Lea,  and  Werthmueller. 

A  quick  and  at  the  same  time  accurate  method  of  extracting  the 
alkali  froih  the  soil  has  been  adopted;  instead  of  placing  the  dry  soil 
on  a  filter  and  washing  all  of  the  alkali  out  with  water,  which  often 
required  two  or  more  weeks  in  clay  soils  because  of  puddling  by  the 
carbonate  of  soda,  a  weighed  amount  is  mixed  with  a  measured  quan- 
tity of  water  and  allowed  to  digest  for  twenty-four  hours  with  frequent 
shaking.  The  salts  thus  dissolved  are  thoroughly  diffused  through  the 
liquid,  and  an  aliquot  part  may  be  taken  for  evaporation  and  examina- 
tion. If  necessary,  a  portion  may  be  passed  through  a  filter  to  clear  it 
from  sediment,  but  very  often  the  solution  settles  perfectly  clear. 

Difficulties  in  Interpretation  of  i^e^i/f^s.— There  are  a  number  of  con- 
ditions which  may  affect  the  interpretation  of  the  results  of  alkali 
examinations  and  lead  to  erroneous  conclusions  with  regard  to  the 
effect  of  alkali  on  cultures.  These  are  climatic  conditions,  the  possible 
presence  of  insects  or  diseases,  imperfect  physical  conditions  in  the  soil 
and  subsoil,  such  as  hardpan,  high  water-table,  shallowness  of  the  soil. 
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lack  of  ventilation  and  aeration,  poor  moisture  supply,  etc.,  any  of 
which  might  cause  intense  suffering  on  the  part  of  the  plant.  All  of 
these  must  be  considered  before  alkali  can  be  charged  with  the  trouble. 
Then  when  we  come  to  consider  the  alkali  itself  we  are  met  by  its  com- 
plexity and  variability  in  composition,  and  it  is  only  by  a  process  of 
elimination  that  definite  conclusions  can  be  reached.  It  is  easy  enough 
to  make  tables  showing  the  highest  amount  of  each  salt  thus  far  found 
to  be  tolerated  by  the  different  cultures,  but  it  is  often  very  difficult  to 
say  positively  that  the  death  or  suffering  on  the  part  of  a  culture  is  due 
to  the  presence  of  a  certain  salt,  for  other  salts  are  always  present  in 
large  or  small  amounts.  When,  however,  the  amount  of  one  of  the  con- 
stituents is  far  below,  and  idiat  of  another  is  much  above  the  amount 
tolerated  by  the  plant  elsewhere,  it  is  quite  safe  to  conclude  that  any 
distress  on  the  part  of  the  plant  is  due  to  the  latter ;  provided,  of  course^ 
that  physical  conditions  of  the  soil  are  favorable  to  the  life  of  tha  plant. 
In  some  cases  where  the  amount  of  a  certain  salt  was  enormous,  there 
could  be  but  little  doubt  that  the  suffering  of  the  plant  was  due  to  it ; 
but  the  lowest  limit  of  such  intolerance  is  as  yet  undetermined. 

The  following  tables  give  some  of  the  results  obtained  by  the  analysis 
of  the  alkali  soils  bearing  various  crops,  the  effort  being  to  select  such 
as  were  typical  of  the  effect  and  non-effect  of  alkali  upon  the  growth. 
While  the  samples  were  actually  examined  for  each  foot  in  depth,  it  has 
been  thought  best  for  this  bulletin  to  give  only  the  average  of  the  entire 
column  as  a  whole,  especially  for  the  orchard  trees  whose  roots  penetrate 
deeply  into  the  soil  when  free  to  do  so.  For  smaller  cultures,  whose 
roots  are  chiefly  found  in  the  upper  two  feet  of  the  soil,  we  give  results 
for  each  of  the  two  feet  and  the  total  found  in  four  feet ;  otherwise  the 
results  would  prove  very  puzzling  and  conflicting.  The  results  are 
briefly  discussed  for  each  culture  and  a  comparative  summary  of  maxi- 
mum tolerance  is  given  in  tabular  form  at  the  end  of  the  bulletin. 

We  do  not  present  all  of  the  soils  whose  examinations  have  been 
made,  but  only  those  of  most  importance  in  showing  the  maximum  of 
tolerance  for  the  various  crops;  as  already  stated,  many  alkali  spots 
were  examined  that  gave  no  definite  results,  and  are  therefore  omitted 
from  the  statement. 

It  should  be  said  that  the  limits  of  tolerance  thus  far  shown  are 
probably  too  low  for  many  of  the  cultures  and  that  further  investigation 
will  without  doubt  greatly  enlarge  these  limits  on  the  part  of  some  of 
the  crops  enumerated. 

GRAIN. 

Observations  have  been  made  for  a  number  of  years  on  the  grains  of 
the  experiment  station  at  Tulare,  and  it  has  been  proven  that  they  will 
grow  in  alkali  soils  containing  26,000  pounds  of  salt  per  acre  in  a  depth 
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of  four  feet  where  there  is  an  absence  of  suflScient  carbonate  of  soda 
to  corrode  the  tender  crowns  of  the  roots. 

Alkali  Salts  in  Grain  Lands. 


Per  Cent  in  Soil.      |  Pounds  per  Acre :  4  ft.  depth. 
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Wheat,— The  Russian  wheats,  received  from  the  U.  S.  Department  of 
Agriculture,  were  planted  in  plot  12  of  the  Tulare  substation.  The 
rows  extended  across  an  alkali  spot  and  the  growths  presented  heights 
corresponding  to  the  strength  of  alkali;  that  in  the  soil  of  strongest 
alkali  being  about  six  inches,  that  at  the  end  of  the  rows  where  alkali 
was  weak  having  a  height  of  several  feet.  Samples  of  soil  were  taken 
at  the  two  extremes  and  at  a  medium  point,  as  shown  in  the  table  above. 
The  gradation  in  size  seems  to  follow  a  similar  gradation  in  amount  of 
carbonate  of  soda,  in  inverse  order,  the  smaller  the  carbonate  the  higher 
the  stalk  of  wheat,  1,480  pounds  being  about  the  limit  of  tolerance. 
The  amount  of  common  salt  was  rather  small  to  influence  the  results 
with  the  Russian  wheats,  but  on  plot  16  with  other  varieties  it  seemed 
to  be  the  chief  agent,  the  grain  suffering  more  and  more  as  the  salt 
increased,  a  medium  height  occurring  where  there  was  3,920  pounds 
per  acre  in  four  feet  depth.  The  plot  on  which  this  wheat  was  planted 
is  quite  sandy  and  deep,  with  a  thin  incrustation  of  alkali  on  the 
surface,  especially  where  the  grain  was  poorest. 

On  plot  16,  and  in  fact  on  all  of  the  northwest  comer  of  the  station 
which  is  given  to  wheat,  the  ground  was  covered  with  a  thick  and  white 
crust  of  alkali  salts,  even  where  the  grain  was  several  feet  in  height. 
The  soil  here  is  more  of  a  loamy  nature  than  that  of  plot  12,  and  was 
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once  a  black  alkali  spot  utterly  bare  of  vegetation,  but  has  been 
reclaimed  by  applications  of  gypsum. 

The  sample  from  Armona,  Kings  County,  is  from  land  once  included 
in  Tulare  Lake  region,  but  long  left  dry  by  the  drying-up  of  the  lake. 
Here  the  wheat  died  in  presence  of  4,180  pounds  (.026  per  cent)  of 
carbonate  of  soda  and  5,360  pounds  (.034  per  cent)  of  common  salt 
per  acre  in  four  feet,  each  being  above  the  probable  limits  of  tolerance. 

From  the  results  thus  far  obtained  we  would  judge  that  wheat  should 
do  weU  in  deep  and  loose  soils  having  not  more  than  20,000  pounds  of 
total  alkali,  of  which  there  is  not  more  than  1,200  pounds  each  of  car- 
bonate of  soda  and  common  salt  per  acre  in  four  feet  depth. 

Barley.^The  fact  is  shown  in  the  table  that  barley  grew  to  a  height 
of  four  feet  in  land  containing  more^jtttan  12,000  pounds  (.028  per  cent) 
of  carbonate  of  soda  per  acre  in  four  feet,  and  produced  one  ton  of  hay 
per  acre  in  presence  of  more  than  5,000  pounds  (.064  per  cent)  of 
common  salt.  It  is  therefore  better  adapted  to  alkali  land  than  is  wheat. 
It  was  killed  by  18,720  pounds  of  carbonate  of  soda,  as  would  happen 
with  most  plants. 

In  total  salts,  estimating  the  weight  of  the  soil  per  acre-foot  at 
4,000,000  pounds,  we  find  for  the  land  on  which  barley  refused  to  grow 
the  figure  31,680  pounds  of  total  salts  per  acre,  corresponding  to  0.198 
per  cent;  while  for  the  land  on  which  barley  gave  a  full  crop  we  find 
25,520  pounds,  equivalent  to  0.152  per  cent*  for  the  whole  soil  column 
of  four  feet.  In  the  other  case,  where  barley  produced  a  ton  per  acre, 
the  percentages  are  higher  (.242  of  total  and  .064  of  common  salt),  but 
the  alkali  was  in  the  upper  two  feet  and  not  distributed  through  four 
feet,  thus  giving  a  smaller  result  when  calculated  in  pounds  per  acre. 

It  thus  appears  that  for  barley  the  limits  of  tolerance  lie  between 
the  above  two  figures,  which  might,  of  course,  have  been  obtained 
equally  well  from  an  average  sample  of  the  4-foot  column  by  making 
a  single  analysis.  It  should  be  noted  that  in  this  case  a  full  crop  of 
barley  was  grown  even  when  the  alkali  consisted  of  fuUy  one  half  of 
the  noxious  carbonate  of  soda,  proving  that  it  is  not  necessary  in  every 
case  to  neutralize  the  entire  amount  of  that  salt  by  means  of  gypsum, 
which  in  the  present  case  would  have  required  about  9^4  tons  of  gypsum 
per  acre— a  prohibitory  expenditure. 

Rye.— A  fair  test  has  not  been  given  to  rye  as  to  its  capabilities  of 
withstanding  alkali  salts,  for  the  amount  found  in  the  soil  in  which  it 
was  growing  at  the  Tulare  substation  was  very  small.  It,  however, 
appears  to  be  about  like  barley  in  its  tolerance  of  alkali  salts. 

LEGUMES. 

Both  the  natural  growth  of  alkali  lands  and  experimental  tests  seem 
to  show  that  this  entire  family  (peas,  beans,  clovers,  etc.)  are  among 


Digitized  by  VjOOQ IC 


TOLERANCE  OF  ALKALI   BY   LEGUMES.  35 

the  more  sensitive  and  least  available  wherever  black  alkali  exists, 
while  fairly  tolerant  of  the  white  (neutral)  salts.  Apparently  a  very 
little  salsoda  suffices  to  destroy  the  tubercle-forming  organisms  that 
are  so  important  a  medium  of  nitrogen-nutrition  in  these  plants. 
Alfalfa,  with  its  hard,  stout,  and  long  taproot,  seems  to  resist  best  of 
all  these  plants,  excepting  the  melilots.  As  a  general  thing,  taprooted 
plants,  when  once  established,  resist  best,  for  the  obvious  reason  that 
the  main  mass  of  their  feeding  roots  reaches  below  the  danger  level. 
Another  favoring  condition,  already  alluded  to,  is  heavy  foliage  and 
consequent  shading  of  the  ground ;  alfalfa  happens  to  combine  both  of 
these  advantages.  There  has  been  some  difficulty  in  obtaining  a  full 
stand  of  alfalfa  in  the  portion  of  the  Chino  tract  containing  from 
4,000  to  6,000  pounds  of  alkali  salts  per  acre ;  but  once  obtained  it  has 
done  very  weU.  The  only  other  plant  of  this  family  that  succeeds  well 
on  this  land,  and  even  (at  Tulare)  on  soil  considerably  stronger  (prob- 
ably between  20,000  and  30,000  pounds) ,  are  the  two  melilots,  M.  indica 
and  alba;  the  latter  (the  Bokhara  clover)  is  a  forage  plant  of  no  mean 
value  in  moist  climates,  but  somewhat  restricted  in  its  use  in  California 
because  of  the  very  high  aroma  it  develops,  especially  in  alkali  lands ; 
so  that  stock  will  eat  only  limited  amounts,  best  when  intermixed  with 
other  forage,  such  as  the  saltbushes.  The  yellow  melilot  is  highly 
recommended  by  the  Arizona  station  as  a  greenmanure  plant  for  winter 
growth;  but  in  this  State  it  is  a  summer-growing  plant  only,  and  is 
refused  by  stock.  Very  few  plants  belonging  to  this  family  are  naturally 
found  on  alkali  lands,  and  attempts  to  grow  them,  even  where  only 
glauber  salt  is  present,  have  been  but  very  moderately  successful.  The 
salts  seem  to  retard  or  even  prevent  the  formation  of  the  tubercles 
useful  for  nitrogen  absorption;  and  for  most  of  the  legumes  the  limit 
of  full  success  seems  to  lie  between  3,000  and  4,000  pounds  to  the  acre. 

Alfalfa,— Young  alfalfa  roots  are  very  tender  and  sensitive  to  the 
corrosive  action  of  carbonate  of  soda,  and  being  confined  to  the  upper 
foot  or  two  of  the  soil  are  fully  within  its  reach.  But  when  the  roots 
are  older  and  have  penetrated  deeply  into  the  soil,  the  root-crown  has 
become  more  corky  and  hardened  and  less  sensitive,  so  that  they  are 
enabled  to  withstand  a  far  larger  amount  of  the  alkali. 

From  the  many  observations  made  at  the  substations  and  elsewhere 
we  may  place  the  tolerance  of  young  alfalfa  at  about  .015  per  cent  of 
carbonate  of  soda,  .009  per  cent  of  common  salt,  and  .150  per  cent  of 
sulfate  of  soda  in  the  upper  two  feet  of  soil ;  this  is  equivalent  to  1,200 
pounds  of  carbonate,  750  pounds  of  common  salt,  and  12,000  pounds 
of  sulfate  per  acre  in  two  feet.  Old  alfalfa  did  well  in  twice  these 
amounts  in  the  upper  two  feet. 

The  tolerance  of  alfalfa  after  a  good  growth  is  secured  may  be  placed 
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at  more  than  2,000  pounds  of  carbonate  of  soda,  5,000  pounds  of 
common  salt,  and  75,000  pounds  of  sulfate  of  soda  per  acre  in  four  feet 
depth. 

It  is  therefore  very  essential  that  prior  to  sowing  alfalfa  the  alkali 
salts  should  be  leached  downward  from  the  surface  by  thorough  irri- 
gation, until  the  plant  is  old  enough  to  resist  their  attack  by  the 
hardening  of  its  root-crown. 

The  importance  of  thoroughly  washing  the  alkali  deeply  into  the  soil 
before  the  seed  is  planted,  and  keeping  it  there  by  proper  means  until 
the  foliage  of  the  plant  shades  the  soil  sufficiently  to  prevent  the  rise  of 
moisture  and  alkali,  is  well  illustrated  in  fields  in  the  region  of  Bakers- 
field,  where  alfalfa  is  now  growing  in  soils  once  heavily  charged  with 
alkali.  From  one  of  these  fields  samples  of  soil  were  taken  by  U5  where 
the  alkali  was  supposed  to  be  strongest  beneath  the  alfalfa,  and  also 
from  an  adjoining  untreated  bare  alkali  spot  which  was  said  to  represent 
conditions  before  alfalfa  was  planted.  The  results  are  given  in  pounds 
per  acre  in  four  feet  depth : 

Sulfates. 

Alkali  spot  before  alfalfa  was  planted...  60,120 
Alfalfa  field:  alkali  washed  down  .......  14,400 

In  the  natural  alkali  soil  the  salts  are  distributed  downward,  some- 
what evenly,  except  that  there  is  in  the  surface  foot  nearly  140,000 
pounds  of  common  salt,  while  in  the  alfalfa  field  the  alkali  salts  are 
chiefly  below  the  second  foot.  A  closer  examination  would  doubtless 
have  shown  the  main  body  of  alkali  to  have  been  washed  down  to  six 
feet  from  the  surface,  or  even  deeper. 

Blue  European  Zwpin.— The  plot  in  which  the  lupins  were  grown  has 
the  greater  part  of  its  alkali  within  the  upper  two  feet,  while  in  that 
part  where  the  lupins  failed  three-fourths  of  the  common  salt  and  the 
sulfates  was  held  in  the  first  foot  itself.  Both  the  common  salt  and 
Cjulfates  seem  to  be  responsible  for  the  failure  of  the  lupins,  and  it  is 
clear  that  it  can  not  withstand  more  than  5,000  pounds  (.025  per  cent) 
of  the  former  per  acre ;  of  the  carbonate  of  soda  it  will  tolerate  as  much 
as  and  perhaps  more  than  3,000  pounds  (.018  per  cent)  per  acre. 

Hairy  Vetch,— -This  fodder  and  greenmanuring  plant  grew  fairly 
well,  reaching  a  height  of  about  14  inches  and  bloomed  in  land  con- 
taining 2,400  pounds  (.016  per  cent)  of  carbonate  of  soda,  3,160  pounds 
(.020  per  cent)  of  common  salt,  and  63,700  pounds  (.398  per  cent)  of 
sulfate  per  acre  in  four  feet  depth.  As  with  the  lupins  and  the  vege- 
tables, we  find  that  here,  too,  the  alkali  occurs  chiefly  in  the  upper  two 
feet  of  the  soil,  the  common  salt  especially  being  in  the  first  foot. 

The  very  large  amount  of  sulfates  tolerated  would  show  that  when 
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black  alkali  lands  are  neutralized  with  gypsum,  the  vetch  will  do  fairly 
well,  provided  that  common  salt  is  not  excessive.  The  limit  of  toler- 
ance of  the  latter  is  a  matter  of  doubt,  for  in  the  soil  in  which  the  vetch 
had  a  poor  growth,  there  was  present  about  4,000  pounds  (.025  per  cent) 
of  carbonate  in  addition  to  the  7,480  pounds  (.047  per  cent)  of  chlorid, 
and  to  either  of  these  salts  may  have  been  due  the  bad  effect.  But  in 
both  of  the  soils  examined  the  carbonate  was  chiefly  in  the  second  and 
third  feet,  and  as  its  action  is  chiefly  upon  the  tender  root-crown  at 
the  surface  of  the  soil,  it  would  seem  that  the  common  salt  was 
responsible  for  poor  growth. 

Bur  Clover. —This  clover  was  found  growing  luxuriantly  in  a  small 
field  adjoining  the  hot  sulphur  baths  at  Elsinore,  in  Riverside  County. 
The  soil  received  its  water  from  a  deep  well,  and  was  black  from 
humus  dissolved  in  the  carbonate  of  soda  of  the  alkali.  An  exam- 
ination of  the  soil  to  thirty  inches  depth  showed  the  remarkable  toler- 
ation of  11,300  pounds  (.113  per  cent)  of  carbonate  of  soda  per  acre, 
thus  giving  it  the  rank  of  second  in  this  regard  among  all  the  cultures 
examined.  It  doubtless  is  fully  as  tolerant  as  barley,  which,  aside  from 
sorghum,  heads  the  tolerance  list  of  grasses  thus  far. 

Fenugreek  and  Crimson  Clover,— In  the  station  at  Chino  these  were 
killed  in  a  soil  having  1,520  pounds  of  sulfate  of  soda  and  1,440  pounds 
of  carbonate  of  soda  (.012  per  cent)  per  acre  in  three  feet  depth. 

Sweet  Peas. —In  the  region  of  Ross,  Marin  County,  sweet  peas  died 
in  a  soil  containing  .037  per  cent  of  common  salt  in  the  first  foot.  This 
is  equivalent  to  nearly  1,500  pounds  per  acre. 

OTHER  FODDER  PIANTS. 

Australian  Saltbush  (Atriplex  semibaccata)  .—Tins  plant  has  been 
found  growing  well  in  very  strong  alkali  land,  in  which  the  several 
salts  were  in  greatest  amount  within  two  feet  of  the  surface.  As  it 
ranks  high  as  a  fodder  plant  suitable  for  alkali  soils,  we  give  the  distri- 
bution of  the  salts  in  the  soil-column: 


AlkaU  Soil  OrowlnflT  Australian  Saltbush. 
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These  figures  doubtless  very  nearly  represent  the  maximum  tolerance 
of  the  saltbush. 

Very  young  plants  have,  however,  suflfered  or  languished  in  surface 
soils  containing  9,000  pounds  (.056  per  cent)  of  carbonate  of  soda  and 
11,000  pounds  (.070  per  cent)  of  common  salt,  or  a  total  of  31,000 
pounds  of  alkali  salts  per  acre ;  and  have  died  when  the  soil  was  covered 
with  an  alkali  crust  containing  4.0  per  cent  of  carbonate  and  6.0  per 
cent  of  common  salt.  The  plant  came  up  easily  from  the  seed  in  a  soil 
containing  5,000  pounds  (.032  per  cent)  of  carbonate  of  soda  and 
3,000  pounds  (.019  per  cent)  of  common  salt  per  acre. 

Sorghum.— At  the  Tulare  substation  sorghum  grows  luxuriantly  in  a 
small  tract  having  a  large  amount  of  alkali,  the  surface  often  being 
black  from  humus  held  by  the  carbonate  of  soda.  Irrigation  is  used  on 
the  crop,  and  there  is  therefore  more  alkali  at  the  surface  than  at  the 
third  and  fourth  feet,  although  the  dense  mass  of  the  crop  shades  the 
fioil  quite  effectually.  An  examination  of  the  soil  shows  a  higher  amount 
of  alkali  salts  than  in  the  soil  of  any  small  culture  thus  far  examined, 
viz. :  81,440  pounds  per  acre  in  four  feet  depth.  This  is  more  than 
one  half  of  one  per  cent.  Sorghum  can  easily  tolerate  as  much  as  10,000 
pounds  (.062  per  cent)  of  carbonate  of  soda,  the  same  of  common  salt, 
and  65,000  pounds  (.40  per  cent)  of  glauber  salt  per  acre  in  four  feet. 
At  the  time  the  examination  was  made,  one  half  of  the  total  glauber 
salt  was  in  the  upper  foot,  the  greater  part  of  the  carboriate  in  the 
second  and  third  feet,  while  the  common  salt  was  quite  evenly  dis- 
tributed through  the  four  feet. 

ROOT  CROPS  A2^  VEGETABLES. 

It  seems  to  be  generally  true  that  root  crops  suffer  in  quality,  how- 
ever satisfactory  may  be  the  quantity  harvested  on  lands  rich  in  salts, 
and  especially  in  chlorids  (common  salt).  It  was  noted  at  the  Tulare 
substation  that  the  tubers  of  the  artichoke  were  inclined  to  be 
"squashy'*  in  the  stronger  alkali  land,  and  failed  to  keep  well;  the 
same  was  true  of  potatoes,  which  were  very  waterj'^ ;  and  also  of  turnips 
and  carrots.  It  is  a  fact  weU  known  in  Europe,  that  potatoes  manured 
with  kainit  (chlorids  of  potassium  and  sodium)  are  unfit  for  the  manu- 
facture of  starch,  and  are  generally  of  inferior  quality.  But  this  is 
found  not  to  be  the  case  when,  instead  of  the  chlorids,  the  sulfate  is 
used;  hence  the  advice,  often  repeated  by  this  Station,  that  farmers 
desiring  to  use  potash  fertilizers  should  call  for  the  **  high-grade  sul- 
fate''  instead  of  the  cheaper  kainit,  which  adds  to  the  injurious  salts 
already  so  commonly  present  in  California  lowland  soils. 

Sugar  Beets.— The  common  beet  (including  the  mangel-wurzel)  is 
known  to  succeed  well  on  saline  seashore  lands,  and  it  maintains  its 
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reputation  on  alkali  lands  also.  Being  specially  tolerant  of  common 
salt,  it  may  be  grown  where  other  crops  fail  on  this  account ;  but  the 
roots  so  grown  are  strongly  charged  with  common  salt,  and  have,  as  is 
well  known,  been  used  for  the  purpose  of  removing  excess  of  the  same 
from  marsh  lands.    Such  roots  are  wholly  unfit  for  sugar-making. 

It  is  quite  otherwise  with  glauber  salt  (sodium  sulfate) :  and  as  this 
is  usually  predominant  in  alkali  lands,  either  before  or  after  the 
gypsum  treatment,  this  fact  is  of  great  importance,  for  it  permits  of  the 
successful  growing  of  the  sugar  beet;  as  has  been  abundantly  proved  at 
the  Chino  ranch,  where  land  containing  as  much  aa  12,000  pounds. of 
salts,  mostly  this  compound,  has  yielded  roots  of  very  high  grade  both 
as  to  sugar  percentage  and  purity. 

The  maximum  of  each  salt  tolerated  by  beets  of  good  sugar  and 
purity  at  Tulare  and  Oxnard  (Station  Bui.  169)  is  shown  in  the  follow- 
ing table : 
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It  would  seem,  then,  that  in  the  absence  of  carbonate  of  soda,  sugar 
beets  will  tolerat^  as  much  sa  8,000  pounds  of  common  salt  per  acre 
in  two  feet  depth.  In  Europe  .25  per  cent  per  foot  (10,000  pounds 
per  acre)  is  considered  the  extreme  limit  in  which  workable  beets  can 
be  obtained,  and  .20  per  cent,  or  8,000  pounds,  is  quite  unobjectionable. 

Carrots.— In  the  tule  marshes  of  the  Sacramento  River  at  Rio  Vista, 
Solano  County,  carrots  are  said  to  have  grown  well  on  a  soil  which  was 
found  to  contain  .139  per  cent  (11,120  pounds  per  acre)  of  common 
salt  in  the  upper  two  feet,  while  in  another  spot  of  good  carrots  there 
was  .260  per  cent  of  common  salt  in  the  upper  foot,  which  is  equivalent 
to  10,400  pounds  per  acre.  There  was  no  carbonate  of  soda  in  either 
soil. 
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At  the  Tulare  substation,  in  a  plot  having  .223  per  cent  of  sulfates 
(17,800  pounds  per  acre),  .012  of  carbonate  of  soda  (960  pounds  per 
acre),  and  .020  of  common  salt  (1,560  pounds  per  acre)  the  plant  grew 
well  and  its  tubers  had  a  length  of  about  ten  inches,  but  they  had  a 
diameter  of  only  about  three  fourths  of  an  inch. 

Potatoes.—In  the  reclaimed  tule-marsh  lands  of  Victoria  Island,  in 
the  region  of  Stockton,  potatoes  form  a  prominent  crop,  and  examination 
of  the  soils  shows  that  the  crop  can  tolerate  a  large  amount  of  common 
salt,  as  shown  in  this  table : 
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The  maximum  of  common  salt  in  the  upper  three  feet  was  .169  per 
cent,  or  an  average  of  5,000  pounds  per  acre.  In  the  fourth  foot  there 
was  an  additional  740  pounds,  making  a  total  of  about  5,800  pounds  in 
the  four  feet.  The  eflfect  of  so  much  common  salt  on  the  starch  of  the 
potato  has  not  been  ascertained  in  California,  but  is  elsewhere  under- 
stood to  be  unfavorable. 

Oniorw.— Onions  also  do  well  on  the  reclaimed  tule-marshes,  even  in 
the  presence  of  as  much  as  3,000  pounds  of  common  salt  in  the  upper 
foot  of  soil,  as  was  noted  in  the  land  around  Rio  Vista  and  on  Victoria 
Island.    They  would  tolerate  doubtless  much  more  than  this. 

Celery, —The  celery  fields  in  the  alluvial  lands  around  Santa  Aba 
furnish  good  examples  of  the  effects  of  alkali  salts,  except  that  no  carbon- 
ate of  soda  was  found  in  the  samples  kindly  sent  by  Mr.  Cole  from  spots 
where  the  plant  was  growing  well  and  where  the  plant  died.  The 
results  show  that  celery  will  easily  tolerate  as  much  as  10,000  pounds 
of  common  salt  per  acre,  but  is  killed  by  30,000  pounds.  It  is  killed  by 
2,000  pounds  of  carbonate  of  soda. 

Spinach  and  English  Broad  B can. ^The  vegetables  were  grown 
at  Tulare  on  very  strong  alkali  soils  and  were  almost  complete  failures. 
A  few  scattering  plants  appeared  where  the  carbonate  of  soda  was  only 
2,000  pounds  per  acre  and  chiefly  below  the  first  foot,  but  they  reached 
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a  height  of  only  a  few  inches.    The  amount  of  common  salt  was  about 
9,000  pounds  per  acre. 

Asparagus  is  another  crop  which  bears  considerable  amounts  of  com- 
mon salt  as  well  as  of  glauber  salt ;  but  not  of  salsoda,  which  must  first 
be  transformed  by  the  use  of  gyi)sum. 

Rhubarb  was  a  conspicuous  failure  in  even  the  weak  alkali  lands  of 
the  Chino  tract. 

GRASSES,.  TEXTD-iE  PLANTS,  AND  WEEDS. 

Grosses. —Summarizing  the  data  given  in  former  publications  we  have 
the  following  groupings  of  maximum  amounts  in  the  surface  foot  per 
acre  in  which  the  true  grasses  have  thus  far  been  found  to  do  well : 

Grasses  Growinff  in  AlkaU  Soils.    Depth  one  foot. 
Cabbonatb  of  Soda. 
3,900  lbs.  per  acre:  Japanese  Wheat  Grass,  Barley. 
2,500  to  3,000  lbs.  per  acre:  Awnless  Brome   Grass,  Schrader's   Brome   Grass,  Sheep 

Fescue,  Tall  Fescue. 
2,000  to  2,500  lbs.  per  acre:  Egyptian  Millet,  Hard  Fescue,  Many-Flowered  Paspalum, 

English  Ray  Grass,  Rough-Stalked  Meadow  and  Orchard 
Grass. 
1,000  to  2,000  lbs.  per  acre:  Bearded  Darnel,  Blue  Grass,  Foxtail,  and  Alfileria. 
600  to  1,000  lbs.  per  acre:  Meadow    Fescue,  Many-Flowered    Millet,    Meadow    Soft 
Grass,  Italian  Ray  Grass. 

Common  Salt. 
7,040  lbs.  per  acre:  Barley. 

3,000  lbs.  per  acre :  Japanese  Wheat  Grass,  Foxtail,  and  Alfileria. 
1,500  lbs.  per  acre:  Schrader's  Brome  Grass. 
900  lbs.  per  acre:  Awnless  Brome  Grass,  Sheep  Fescue,  Tall  Fescue. 
250  to  500  lbs.  per  acre:  Many-Flowered  Millet,  Italian  Ray  Grass,  English  Ray 
Grass,  Bearded  Darnel,  Orchard  Grass. 

Textile  Plants.— Japanese  hemp  seemed  to  have  a  hard  struggle 
with  the  alkali  while  young,  but  at  the  end  of  the  season  stood  eight 
feet  high.  The  ramie  plant,  also,  will  bear  moderately  strong  alkali^ 
apparently  somewhat  over  12,000  pounds  per  acre.  Flax  has  not  been 
tested  in  cultivation;  but  its  wide  distribution  all  over  the  States  of 
Oregon  and  Washington  would  seem  to  indicate  that  it  is  not  very 
sensitive.  Another  textile  plant,  the  Indian  mallow  {AbutiUytt 
avicennae) ,  was  found  to  fail  on  the  Chino  alkali  soil. 

Weeds,— Inke  the  legumes,  wild  plants  of  the  mustard  family  are 
rare  on  alkali  lands ;  and  correspondingly,  the  cultivated  mustard,  kale, 
rape,  etc.,  fail  even  on  land  quite  weak  in  alkali.  Their  limit  of  toler- 
ance seems  to  lie  near  4,000  to  5,000  pounds  per  acre  of  even  white  salts. 

Several  of  the  hardiest  of  the  native  "alkali  weeds"  belong  to  the 
sunflower  family,  and  the  common  wild  sunflowers  {Helianthtis  calif  or- 
nicus  and  E:  annuus)  are  common  on  lands  pretty  strongly  alkaline. 
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Correspondingly,  the  *' Jerusalem  artichoke/'  itself  a  sunflower,  is 
among  the  available  crops  on  moderately  strong  alkali  soils;  and  so. 
doubtless,  are  other  members  of  the  same  relationship  not  yet  tested, 
such  as  the  true  artichoke,  salsify,  etc.  Chicory,  belonging  to  the  same 
family,  yielded  roots  at  the  rate  of  12  tons  per  acre,  on  land  on  the 
Chino  tract  containing  about  8,000  pounds  of  salts  per  acre. 

GRAPEVINES. 

The  Vitis  vinifera  is  quite  tolerant  of  white  or  neutral  alkali  salts, 
and  will  resist  even  a  moderate  amount  of  the  black  so  long  as  no  hard- 
pan  is  allowed  to  form.  At  the  Tulare  substation  in  1899  it  was  found 
that  grapevines  did  well  .in  sandy  land  containing  35,230  pounds 
(.220  per  cent)  of  alkali  salts  per  acre  in  four  feet  depth,  of  which  one 
half  was  glauber  salt,  9,640  pounds  carbonate  of  soda,  7,550  pounds 
common  salt,  and  750  pounds  nitrate  of  soda.  They  were  badly  dis- 
tressed where,  of  a  total  of  37,020  pounds  (.282  per  cent)  of  alkali 
stilts,  25,620  pounds  (.160  per  cent)  was  carbonate  of  soda;  while  where 
the  vines  had  died  out,  there  was  found  a  total  of  73,930  pounds  (.412 
per  cent),  with  37,280  pounds  (.233  per  cent)  of  carbonate  in  a  depth 
of  four  feet.  The  European  vine,  then,  is  considerably  more  resistant 
of  alkali,  even  in  its  worst  (black)  form,  than  barley  and  rye;  and  it 
seems  likely  that  the  native  grapevines  of  the  Pacific  Coast,  CaUfornica 
and  Arizonica,  would  resist  even  better ;  a  point  still  under  experiment. 

Experience,  however,  has  shown  that  vines  rapidly  succumb  when  by 
excessive  irrigation  the  bottom  water  is  allowed  to  rise,  increasing  the 
amount  of  alkali  salts  near  the  surface  and  shallowing  the  soil  at  their 
disposal.  Such  over-irrigation  has  been  a  fruitful  cause  of  injury  to 
vineyards  in  the  Fresno  region,  and  would  doubtless,  if  practiced,  kill 
most  of  the  vines  at  Tulare  substation  which  are  now  flourishing.  In 
such  cases  sometimes  the  formation  of  hardpan  is  followed  by  that  of  a 
concentrated  alkaline  solution  above  it,  strong  enough  to  corrode  the 
roots  themselves,  and  not  only  killing  the  vines,  but  rendering  the  land 
unfit  for  any  agricultural  use  whatsoever.  The  swamping  of  alkali 
lands,  whether  of  the  white  or  black  kind,  is  not  only  fatal  to  their 
present  productiveness,  but,  on  account  of  the  strong  chemical  action 
thus  induced,  greatly  jeopardizes  their  future  usefulness.  Many  costly 
investments  in  orchards  and  vineyards  have  thus  been  rendered  unpro- 
ductive, or  have  even  become  a  total  loss. 

Grape  Varieties,— A  large  part  of  the  Tulare  substation  tract  is 
occupied  by  grapes  representing  about  one  hundred  and  fifty  varieties. 
Alkali  spots  have  appeared  here  and  there  (by  rise  from  below  through 
use  of  irrigation  water) ,  and  in  several  instances  the  salts  have  seriously 
affected  the  vines.  The  results  of  the  examination  of  the  soils  forcibly 
illustrate  the  fact  that  the  susceptibility  of  the  vine  varies  according 
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to  variety,  and  that  while  some  are  tolerant  of  very  large  amounts 
of  carbonate  of  soda  and  common  salt,  others  succumb  to  the  effect  of 
far  less  of  each. 

Alkali  In  Vtneyapd  Soils. 


Percentage  in  Soil. 


Grnpevines. 


Persian 

Persian 

Persian (3  feet ) 

Sauvignon  vert 

Chasselas 

Boal  de  Madeira 

Mission  Grape 

Mission  Grape 

Trousseau 

Verdal 

Teinturier  mftle 

Thompson  Seedless.  - .   . 

Burger 

Meunier .. 

Meunier 

Meunier 

Flame  Tokay 

Pedro  Jimenes 

Pedro  Jimenes 

Negro  - 

Negro 


op        o 
Condition.    '    £        S5 


Lived  

Barely  lived 

Died 

Thrifty 

Thrifty 

Thrifty    . . . . 

Thrifty 

Not  growing 

Thrifty 

Thrifty 

Thrifty 

Thrifty 

Thrifty 

Thrifty 

Suffered  

Died _. 

Thrifty 

Thrifty 

Not  growing 

Thrifty 

Not  growing 


AAA 
.072 
.205 
.256 
.247 
.188 
.160 
.416 
.170 
.160 
.160 
.134 
.120 
.0J)4 
.209 


.063 
.214 
.311 
.003 
.005 
.004 
,030 
.010 
.007 
.003 
.003 
.003 
.005 
.010 
.007 


.207    .007 
.070 '  .045 


.067 
.110 
.081 


.023 
.029 
.012 


.206    .022 

1 


.077 
.005 
.091 
.028 
.031 
.028 
.006 
.006 
019 
.023 
.029 
.013 
.090 
.006 
.012 
.018 
.004 
.004 
.006 


.005 


.284 
.291 
.607 
.286 
.283 
.220 
.196 
.432 
.196 
.186 
.182 
.150 
.215 
.110 
.228 
.232 
.119 
.094 
.145 
.093 
.233 


Pounds  per  Acre:  4  ft.  depth. 


GO 


17,290 
8,670 
24,640 
40,800 
39,520 
30,080 
25,610 
66,520 
27,200 
25,600 
24,000 
21,480 
19,200 
15,040 
33,440 
33,120 
11,200 
10,680 
17,600 
12,960 
33,000 


2  3 


C 

sfl 


_jr__ 

_;_5    J 

7,550 

9,640 

25,620 

640 

37,280 

10,890 

480 

4,480 

800 

4,960 

640 

3.680 

4,760 

960 

1,560 

920 

1,120 

3,040 

480 

3,680 

480 

4,640 

520 

2,040 

800 

1,440 

1,600 

960 

1,120 

1,920 

1,120 

2,880 

5,560 

600 

3,600 

600 

4,640 

960 

l,i)20 

3,480 

8()0 

? 

? 


34,480 
34,930 
72,810 
45,760 
45,280 
34,400 
31,360 
69,000 
31,360 
29,760 
29,120 
24,040 
21,440 
17,600 
36.480 
37,120 
17,360 
14,880 
23,200 
14,880 
37,280 


Of  the  above  fourteen  varieties  of  grapes  the  Persian  withstands  the 
effects  of  alkali  the  best,  especially  of  carbonate  of  soda  and  common 
salt.  There  seems  but  little  doubt  that  it  would  flourish  in  soils  contain- 
ing one  tenth  of  one  per  cent  of  common  salt,  or  an  equivalent  of  16,000 
pounds  per  acre  in  four  feet.  The  tolerance  for  carbonate  of  soda  is 
great,  for  in  the  presence  of  more  than  two  tenths  of  one  per  cent,  or 
25,600  pounds  per  acre,  it  managed  to  keep  alive,  thus  indicating  a 
true  tolerance  of  probably  15,000  or  perhaps  20,000  pounds  per  acre 
m  four  feet. 

For  other  varieties  the  limits  vary  greatly,  some  being  more  sensitive 
to  the  several  salts  than  others.  The  Sauvignon  vert  and  Chasselas 
appear  to  be  more  tolerant  of  glauber  salt  and  common  salt  than  were 
other  varieties,  for  they  made  a  fine  growth  in  the  presence  of  about 
40,000  pounds  of  sulfate  and  5,000  pounds  of  common  salt  per  acre  in 
four  feet.  The  Teinturier  male  would  probably  be  their  equal,  for  its 
amount  of  common  salt  was  nearly  the  same. 

The  amount  of  carbonate  of  soda  (black  alkali)  which  the  grape  is 
able  to  withstand  was  in  a  few  cases  fairly  well  shown,  especially  where 
the  common  salt  was  low.  Thus  the  Flame  Tokay  grew  well  in  soil  with 
5,500  pounds  of  carbonate,  and  the  ^lission  in  the  presence  of  4,700 
pounds. 
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The  Meunier  is  very  sensitive  to  alkali  salts  and  succumbed  to  small 
amounts  of  carbonate  and  common  salt  combined  with  33,000  pounds 
of  sulfate,  which  was  less  than  that  in  which  many  other  varieties  grew 
well.  As  a  rule,  grapevines  seem  to  easily  withstand  30,000  pounds  of 
sulfate,  and  5,000  pounds  of  carbonate  and  common  salt  each. 


Note  on  the  Effect  of  Alkali  Salts  upon  the  Growth  of  Grapevines  and 

ON   THE   Ck)MF0SITI0N   OF   GbAPES. 

By  a.  M.  dal  Piaz. 

The  injurious  effect  of  strong  alkali  salts  upon  fruits  in  general  is 
well  known;  grapevines  are  no  exception,  for  strong  alkali  wiU  kill 
them  and  weaker  alkali  affects  them  proportional  to  its  strength  and 
composition.  The  effect  of  alkali  upon  the  vine  and  its  product  is  a 
matter  of  economic  interest,  and  an  investigation  on  this  subject  was 
begun  by  the  writer  upon  vines  at  the  Tulare  substation  in  1900,  and 
the  results  are  here  briefly  presented;  analyses  of  the  alkali  soils  in 
which  the  vines  were  growing  were  made  in  the  Station  laboratory  by 
Mr.  Snow. 

The  vines  of  the  Burger,  Sauvignon  vert,  and  Trousseau  were  growing 
partly  in  weak  and  partly  in  strong  alkali  soils.  The  grapes  of  each 
variety  did  not  show  any  marked  difference  in  size,  excepting  where 
growing  in  strong  alkali;  but  the  vines  themselves  were  there  con- 
siderably shorter  in  growth,  and  therefore  the  bunches  and  berries  were 
smaller  and  more  advanced  in  maturity. 

The  Meunier  is  growing  about  an  alkali  spot,  partly  on  weak  alkali 
and  showing  a  healthy  growth,  partly  on  stronger  alkali  and  showing  a 
shorter  growth,  and  were  killed  on  still  stronger  alkali.  The  following 
table  gives  the  composition  of  these  alkali  soils,  to  which  is  added  the 
results  of  examination  of  the  sugar,  acid,  ash,  and  tannin  in  the  grapes 
grown  respectively  on  the  weak  and  the  strong  alkali : 


Pounds  of  Alkali  Salts  pep  Aere  in  Four  Feet  Depth. 


Sauvignon  Vert. 

i   Weak     Strong 
Alkali.    Alkali. 


Sulfates 

Carbonate 

Chlorid 


total 


21,760 
1,280 

4,480 


40,800 

480 

4,480 


Burger. 

Weak     Strong 
Alkali.  I  Alkali,  i 


19,200 

800 

1,440 


25,520  t  45,7()0  |    21,440 


21,280 

640 

1,440 


23,360 


Trousseau. 

?eak  I  Stroi 
Alkali. !  Alkali 


Meunier. 


Weak   I  Strong  1    Weak 
il.  I  Alkali. 


20,480 

480 

4,000 


24,960 


27,200  \'  15,040 
1,120  .1  1,600 
3,040  .        960 


31,360  i    17,600 


strong 
Alkali. 


33,440 
1,120 
1,920 


36,480 


Strong 
Alkali. 


33,120 
1,120 
2,880 


37,120 


Proximate  Composition  of  Grapes:  August  24, 1900. 


Sugar  %... 
Acid%..- 

A8h%  .... 
Tannin  % . 


26.39 
.38 
.28 


I 


24.43 

,  20.24 

20.60  1 

25.75 

24.64 

.65 

•71 

.59  1 

.47 

.50 

.37 

!    .33 

.33 

.49 
.147 

.36  1 
.155' 



26.86 
.45 
.36 
.159 


24.53 
.60 
.40 
.167 


Vines 
killed. 
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The  four  grape  varieties  of  the  above  table,  grown  on  weak  and  strong 
alkali  soils,  show  differences  in  growth  and  grape  composition  remark- 
ably well.  The  sugar  content  seems  to  have  throughout  the  tendency 
of  decreasing  with  increasing  strength  of  the  alkali  salts;  this  is  shown 
by  the  varieties  of  Sauvignon  vert,  Trousseau,  and  Meunier.  The 
Burger  does  not  show  this,  because  of  the  nearly  equal  strength  of  alkali 
in  both  soils. 

The  total  acidity  of  the  grapes  seems  to  be  less  influenced  by  varia- 
tions in  strength  of  alkali ;  three  of  the  varieties  show  an  increase  with 
increaised  alkali.  This  increase  of  total  acidity  and  decrease  of  sugar 
content  in  strong  alkali  soils  is  doubtless  caused  by  the  diminished  vigor 
and  poor  growth  of  the  vines  in  such  soils. 

The  analysis  of  the  red  wine  varieties.  Trousseau  and  Meunier,  indi- 
cates a  slight  rise  of  tannin  with  increasing  strength  of  alkali  in  the 
soils ;  this  increase  is,  however,  too  small  for  drawing  any  final  conclu- 
sions. 

The  above  results  seem  to  indicate  some  important  facts  worthy  of 
being  made  known.  First  of  all,  the  quality  of  wine  grapes  of  the 
Tulare  region  does  not  decrease  with  increasing  strength  of  alkali  in  the 
soil,  at  least  up  to  a  certain  limit  of  total  salts.  The  increase  of  total 
acidity  of  the  grapes  grown  in  stronger  alkali  is  of  special  value  in  the 
making  of  sound  wines  in  similar  localities,  whUe  the  decrease  of  sugar 
content  secures  at  the  same  time  a  wine  not  too  alcoholic.  The  practi- 
cal wine-making  experiments  with  Tulare  grapes,  undertaken  by  the 
Agricultural  Experiment  Station,  have  indicated  this  fact:  they  have 
shown  that  sound,  light  table-wines,  excellent  for  blending  purposes, 
or  as  light '  neutral  wines  for  consumption,  could  be  made  of  grapes 
grown  on  such  alkali  soils. 

The  growing  of  raisin  grapes  in  strong  alkali  soils  can  not  be  recom- 
mended, as  the  tendency  of  the  sugar  content  to  decrease  with  increas- 
ing alkali  results  in  the  production  of  an  inferior  raisin. 


ORCHARD  CROPS. 

It  will  be  seen  that  the  list  in  the  table  below  comprises  the  chief 
orchard  crops  of  California ;  and  while  most  of  them  are  represented  in 
their  extremes  of  good  and  poor  growths,  there  are  a  few  which  could 
only  be  found  in  a  state  of  good  growth,  and  in  what  seemed  to  be 
(Strong  alkali. 
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Alkali  In  Soils  of  Orchards. 


Percentage  in  Soil.   !l  Poundsper  Acre:  4ftdepth. 


Trees. 


Condhlon.  I    g 


li  riS.'^ 


Almonds — 

Tulare 

Apples — 

Tulare— Red  Bietigheimer. 

Ducht'ss 

Junathan. 

Apricots^ 

Tulare 

Tulare 

Figs-- 

Tulare— Osburn '8  Prolific  . 
California  Black.. 
Lemons — 

La  Mirada 

La  Mirada 

La  Mirada 

Olives — 

Tulare -Nigerin  a 

Regalia 

La  Mirada _ 

La  Mirada 

Kern  City 5  feet 

Oranges— 

Tulare 

Chino .• 

Corona 

Corona 

Corona 

PecLChes— 

Tulare _. 

Tulare 

Hanford 

Pears  - 

Tulare  

Tulare 

Plums — 

Tulare _ 

Prunes  on  Myrobalan — 

Tulare 

Mulberry — 

Tulare. 


Good  .... 

Good  ... 

Poor 

Poor 

Good  ... 
Affected  . 

Good  .... 
Good  .... 

Good  ---- 
Stunted.. 
Dead 


Good  .... 

Good 

Good  .... 
Stunted-. 
Dead  ... 


.142    .009    .Olo    .166 1!  22,720 


.117 
.029 

054 
.214 

.153 
.068 

.028 


.192 
.126 
.025 
.271 
.245 


.004 
.008 
.005 

003 
.011 

.007 
.006 

.003 
.003 
.007 

.018 
.017 
.015 
.029 
.010 


Fair i  .062    .024 

Good  ..--i.l55   .012 

Fair .018  1.008 

Poor    ...     .028    .013 
Poor 029  I  010 


Best  ... 
Poor... 
Poor   .. 


Best 

Poor 

Very  poor 

Good  .-  . 

Good  .... 


.060 1  .a>4 
.084  I  .007 
.088    .002 

.111  .011 
.239 '  .013 

I 
.140    .011 


.058 
.021 


.008  '  .101 
.021 1  .146  I 
.007  I  .041 


.006 
.021 

.OOTy 
.001 

.005 
.009 
.012 

.042 
.021 
.014 
.074 
.152 


.0ti3 
.246 

.165, 
.0741 


.044  1 
.058 


14,240 
18,760 
6.840 

8.640 
34,240 

24,480 
10,880 

4,480 
5,120 
6,240 


.252  j  30,640 
.164  I  20,160 
"'      4,000 
43,360 
49,000 


.OH 
.374 
.407 


021    .107 


.015 
.002 
.011 
.015 

.006 
.015 
.070 

.009 
.009 

.014 


,182 
.028, 
.0521 
.054  I 

.070 
.106 
.160 

.131 
.261 

.165 


.009    .008    .075 
.001  i  .014  I  .OJ^J 


9,840 
18.600 
2;920 
4,520 
4,720 

9,600 
13,400 
14,080 

17,800 
38,280 

22,360 

9,240 

3,360 


o 

9  O 


>1 


1,440 

640 

1,200 
1,080 

480 
1,760 

1,120 
760 

480 

480 

1,120 

2,880 
2,640 
2,400 
4,640 
2,000 

3,840 
1,440 
1,280 
2,000 
1,680 

680 
1,160 


1,760 
2,060 

1,760 

1,360 


2,400  26,5«»> 

1,240 1  16,12i> 

3,320:  23,2Hi 

1,720 1  9,m 

960 '  10,(M) 

3,260  39,2»i'> 


800 
160 


26,4W» 
*11.8*<» 


800  5,T»« 
1,440  j  7,(>4«» 
1,920      '3^^' 


6,640 

3,360' 

2,240 

11,840 

30,400 

3,360 ' 
1,800' 
360; 
1,800, 
2,520 


4U,1«» 
26.  IW 

17,l«" 
21.S4«> 

17.U** 
25,Hl<» 


1,000 ' 

2,4401 

11,200 ; 


1,360,  20.KJ'> 
1,360 1  41.7?» 

2,120 '  2«.2*» 

1,200  i  11.^" 


160     2,240!    .^TW* 


Almonds.— The  almond  trees  of  the  Tulare  substation  are  isolated 
from  the  other  orchard  growths  and  were  all  in  a  healthy  condition  and 
loaded  with  fruit.  No  trees  have  been  found  whose  poor  condition  couW 
be  attributed  to  alkali;  hence,  the  greatest  limit  of  tolerance  in  th*' 
almond  has  as  yet  not  been  ascertained,  but  is  clearly  aboTe  2,0^^ 
pounds  of  carbonate  of  soda  and  3,000  pounds  of  common  salt  per  acre 
four  feet  deep. 

Apples,— The  tree  is  quite  sensitive  to  alkali  salts,  and  their  efftvt 
on  the  foliage  of  the  tree  was  very  marked,  as  is  shown  in  the  accom- 
panying illustration  (Fig.  11).    The  newer  limbs  of  the  tree  appear  a* 
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canes  with  a  tuft  of  leaves  at  the  upper  end,  instead  of  being  covered 
with  foliage  throughout,  as  is  also  shown  in  the  photograph.  Samples 
of  soil  were  taken  to  the  depth  of  four  feet  under  the  Duchess  of  Olden- 
burg, which  was  in  very  poor  condition,  with  no  fruit,  and  whose  top 
was  losing  its  leaves;  the  Jonathan,  also  very  poor,  and  the  Red 
Bietigheimer,  which  was  in  excellent  condition.  The  results  of  the 
examination  make  it  clear  that  while  the  apple  will  tolerate  the  presence 
of  14,000  pounds  of  sulfates,  650  of  carbonate  of  soda,  and  1,200  of 
common  salt,  it  is  injured  by  1,200  pounds  of  carbonate  and  3,000 
pounds  of  common  salt  per  acre  distributed  through  four  feet  depth. 
The  Jonathan  seems  to  be  more  sensitive  than  the  Duchess. 

Apricots.— The  trees  selected  as  representing  the  best  and  the  woraft 
condition  respectively  were  grown  upon  their  own  stock.  The  differ- 
ences between  the  two  were  very  marked,  in  the  greater  height  and  full 
foliage,  large  leaves,  and  vigorous  growth  in  the  one,  and  the  thinner 
foliage,  smaller  and  blighted  leaves,  new  leaves  in  clusters  at  end  of 
limb,  and  evident  poor  health  in  the  other;  some  twigs  had  lost  their 
leaves  entirely.  The  accompanying  photograph  (Fig.  12)  shows  these 
effects.  The  results  of  the  examination  of  the  respective  soils  show  that 
while  the  total  alkali  and  that  of  each  salt  are  greater  in  the  soil  of 
the  poor  tree,  and  that  to  either  of  these  might  be  attributed  the  trouble, 
it  is  more  than  likely  that  either  the  sulfate  or  the  common  salt  is  the 
true  cause ;  for  their  amounts  are  excessive,  while  that  of  the  carbonate 
is  lower  than  what  is  tolerated  by  most  cultures. 

Figs,— The  tree  easily  tolerated  as  much  as  25,000  pounds  of  glauber 
salt  and  1,100  pounds  of  carbonate  of  soda  per  acre  in  four  feet. 

LemoTis.—The  lemon  seems  to  be  the  least  tolerant  of  all  of  the  fruit 
trees,  for  it  was  apparently  stunted  by  only  1,440  pounds  of  common 
iysit  per  acre  distributed  through  four  feet  depth,  and  was  killed  by 
1,900  pounds  combined  with  1,900  pounds  of  carbonate  of  soda.  Its 
endurance  of  carbonate  of  soda  has  not  been  ascertained. 

Oranges,— From  the  culture  experiments  at  Tulare  substation  it 
would  seem  that  oranges  do  fairly  well  in  the  presence  of  3,840  pounds 
of  carbonate  and  3,360  pounds  of  common  salt  per  acre  in  four  feet 
depth,  or  a  total  of  17,040  pounds  of  alkali.  The  examinations  at 
Corona  seem  to  contradict  this,  for  there  the  trees  suffered  in  1,680 
pounds  of  carbonate  and  2,500  pounds  of  common  salt.  The  expla- 
nation is  that  the  conditions  surrounding  the  trees  were  different,  for  at 
Tulare  a  detailed  examination  shows  that  the  salts  were  distributed 
through  the  four  feet  of  soil  quite  evenly,  while  at  Corona  the  common 
salt  was  all  contained  in  the  first  two  feet.     Then,  too,  at  Tulare  the 
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roots  of  the  tree  were  by  proper  culture  encouraged  to  send  their  feed- 
ing roots  to  a  depth  of  seven  or  eight  feet  below  the  surface,  while  at 
Corona  the  system  of  shallow  furrow-irrigation  so  much  practiced  in 
southern  California  had  compelled  the  roots  to  remain  within  a  short 
distance  of  the  surface  of  the  soil  to  secure  necessary  moisture,  and 
hence  the  salt  concentrated  near  the  surface  could  act  with  greater 
energy. 

Thus  is  emphasized  the  importance  of  the  oft-repeated  injunction  to 
so  use  irrigation  water  and  cultivation  as  to  permit  the  roots  of  trees  to 
follow  their  natural  tendency  of  penetrating  deeply  into  the  soil.  Had 
the  salts  in  the  Corona  soils  been  distributed  through  a  greater  depth 
the  trees  would  doubtless  have  withstood  the  effects  of  the  alkali  much 
longer.  In  fact,  since  the  publication  of  the  Station  Report  of  1898,  the 
orchardists  of  Corona  have  very  greatly  improved  their  groves  by  this 
treatment  and  the  use  of  pure  water ;  and  the  particular  orchard  there 
shown  as  typical  of  the  effects  of  alkali  has  now  recovered  its  vigor  and 
foliage. 

Olives.— The  olive  trees  of  the  Tulare  substation  were  all  in  good  con- 
dition when  visited,  though  some  stood  in  soils  quite  highly  charged 
with  alkali  salts.  Of  those  represented  in  the  table  the  Pra»cox  was  in 
a  sandy  soil,  while  the  Regalis  and  Nigerina  were  in  loams.  Samples 
of  soil  were  also  sent  to  this  office  from  an  olive  orchard  near  La 
Mirada,  Los  Angeles  County,  by  the  manager.  One  lot  of  samples  was 
from  the  high  part  of  the  orchard,  where  the  trees  were  large  and 
healthy;  the  other  lot  was  from  lower  land,  where  the  trees  were  six 
years  old,  but  stunted  (four  feet  high)  ;  the  same  treatment  had  been 
given  the  trees  in  both  cases.  Another  series  of  samples  was  sent  by 
the  manager  of  an  olive  orchard  near  Kern  City,  Kern  County,  in 
which  the  trees  were  suffering.  The  results  of  examination  are  shown 
in  the  table. 

The  olive  tree  is  clearly  immune  to  as  much  as  3,000  pounds  of 
carbonate  of  soda  (black  alkali)  and  30,000  pounds  of  glauber  salt  per 
acre  in  four  feet,  and  the  limit  of  tolerance  will  probably  be  found  to 
be  much  above  those  figures. 

The  tolerance  for  common  salt  is  above  6,000  pounds  per  acre  in  four 
feet,  for  the  Nigerina  did  well  in  about  that  amount.  At  La  Mirada  the 
trees  were  stunted  in  presence  of  11,800  pounds,  and  killed  in  an  orchard 
near  Kern  City  where  there  was  19,500  pounds  in  four  feet  depth  and 
30,400  pounds  in  five  feet.  At  Kern  City,  however,  the  greater  part  of 
the  alkali  was  contained  in  the  soil  below  a  depth  of  two  feet,  and  had 
the  examination  gone  deeper  than  five  feet  there  would  doubtless  have 
been  found  in  all  about  50,000  pounds  of  common  salt  in  a  total  of  over 
100,000  of  alkali  salts. 
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The  following  method  of  planting  the  trees  adopted  by  the  owner  of 
the  latter  orchard  has  enabled  them  to  secure  a  good  growth  before  the 
roots  felt  the  effects  of  the  alkali,  and  illustrates  the  importance  with 
some  cultures  of  forcing  the  alkali  down  to  quite  a  depth  by  the  use 
of  plenty  of  water  and  allowing  the  plant  to  secure  a  foothold : 

The  holes  for  the  trees  are  made  three  feet  deep  and  as  wide,  several 
months  before  planting ;  near  planting  time  they  are  partially  filled  with 
good  soil  and  filled  with  water.  When  the  water  has  seeped  down,  the 
holes  are  filled  with  top  soil  and  the  trees  planted.  The  alkali  is  thus 
washed  beyond  the  depth  of  the  roots.  There  is  hardly  a  doubt  but 
that  if  there  had  not  been  such  an  enormous  amount  of  alkali  in  the 
lower  four  or  five  feet  the  trees  would  have  successfully  resisted  its  effect 
on  the  roots. 

Peaches,— The  trees  at  the  Tulare  substation  were  in  part  in  fairly 
pood  and  in  part  in  poor  condition,  and  samples  of  soils  were  taken  from 
the  best  representatives  of  each.  Both  were  on  peach  stock,  and  the 
difference  in  appearance  was  in  smaller  leaves  and  general  unhealthy 
growth,  due  to  either  the  common  salt  or  carbonate  as  shown  in  the  table. 

From  the  region  of  Hanford,  Kings  County,  peach  trees  were  reported 
as  being  in  bad  condition.  The  examination  of  this  sqil  shows  the 
presence  of  an  enormous  amount  (11,200  pounds)  of  common  salt  in 
the  four  feet,  to  which  doubtless  the  dying  of  the  trees  must  be 
attributed. 

The  results  obtained  at  Tulare  make  it  probable  that  the  limits  of 
alkali  tolerated  by  peach  trees  may  be  placed  at  10,000  pounds  of  sul- 
fates, 750  of  carbonate,  and  1,200  of  common  salt  per  acre  in  four  feet 
depth. 

Pear^.— The  effect  of  alkali  upon  the  pear  was  noticed  only  in  the 
orchard  of  the  Tulare  substation,  where  quite  a  large  block  of  land  is 
given  to  its  culture.  Through  the  central  part  of  this  lies  a  belt  of  alkali 
which  has  seriously  injured  some  of  the  trees,  the  leaves  turning  yellow 
or  blackening  at  the  tips,  and  others  being  killed.  On  either  side  of  this 
belt  the  trees  are  in  good  condition  and  bear  well.  Samples  of  soil  were 
taken  under  LeConte  and  Keiffer  trees  which  were  yielding  to  alkali, 
showing  the  yellow  leaves  with  blackened  tips ;  they  had  no  fruit. 

The  samples  from  the  **best  trees"  are  from  the  northern  part  of  the 
pear  block.  The  trees  are  Kennedy  varieties  and  were  planted  long 
before  the  alkali  had  encroached  on  them;  so  that  their  roots  have 
escaped  attack,  although  the  amount  of  alkali  is  greater  than  under  the 
other  trees. 

The  results  would  seem  to  show  that  while  the  pear  can  tolerate  as 
much  as  1,400  pounds  of  common  salt  and  1,800  pounds  of  carbonate 
per  acre  in  four  feet,  it  is  seriously  affected  by  38,000  pounds  of  the 
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sulfate,  for  it  is  hardly  possible  that  an  addition  of  320  pounds  of  car- 
bonate in  the  four  feet  per  acre  would  produce  the  damage. 

In  another  locality  the  trees  were  killed  in  land  whose  surface  soil 
contained  4,600  pounds  of  carbonate  and  18,000  pounds  of  common  salt 
in  a  total  of  62,000  pounds. 


g 


1^ 

C 


Plums.— The  Robe  de  Sergent  plum  at  the  Tulare  substation  is  on  its 
own  stock  and  suffering  very  severely  from  alkali,  as  shown  in  the 
photograph  on  F\g.  13.  The  tree  was  dwarfed,  and  the  limbs  were 
lasing  their  leaves.     The  amount  of  alkali  in  this  case  was  not  large. 


Digitized  by  VjOOQIC 


TOLERANCE  OP  ALKALI  BY  TREES.  53 

only  26,240  pounds,  and  amounts  of  the  carbonate  and  common  salt 
were  also  comparatively  small.  This  plum,  therefore,  is  one  of  the 
most  sensitive  of  trees  to  the  effects  of  alkali  salts. 

Prunes,— l^Tune  trees,  if  grown  on  Myrobalan  stock,  should  be  highly 
tolerant  of  alkali  salts,  for  that  stock  is  a  native  of  Asia  Minor,  where 
alkali  abounds.  We  have  thus  far  been  unable  to  secure  samples  of 
soil  where  the  trees  showed  the  effect  of  alkali.  At  the  Tulare  sub- 
station the  amount  in  their  soils  was  only  about  12,000  pounds  per  acre 
in  four  feet,  and  of  this  only  1,360  was  of  carbonate  and  1,200  of 
common  salt.  It  is  said  that  at  Hanford,  Kings  County,  the  prune 
flourishes  in  alkali  soils  where  the  peach  is  severely  affected;  we  may 
therefore  place  the  power  of  tolerance  at  quite  high  figures  for  common 
salt  at  least.  If  it  be  true  that  this  fruit  tree  can  withstand  a  very 
large  amount  of  common  salt  it  will  prove  of  great  value  in  alkali 
regions,  for  the  carbonate  of  soda  part  of  alkali  can  easily  be  neutralized 
by  gypsum. 

Walnuts.— Samples  of  soil  were  sent  from  an  orchard  near  Anaheim, 
Orange  County,  in  which  **  walnut  trees  have  been  planted,  but  they 
soon  died  and  the  roots  rotted  very  quickly,  while  outside  of  this  spot 
they  do  exceptionally  well."  The  examination  of  the  samples  showed 
the  presence  of  18,000  pounds  of  common  salt  and  about  the  same 
amount  of  sulfates  per  acre  in  four  feet  depth. 

TIMBER  AND   SHADE   TREES. 

Of  trees  suitable  for  alkali  lands,  two  native  ones  call  for  mention. 
One  is  the  California  white  or  valley  oak  (Quercus  lobata),  which 
forms  a  dense  forest  of  large  trees  on  the  delta  lands  of  the  Kaweah 
River  in  California,  and  is  found  scatteringly  all  over  the  San  Joaquin 
Valley.  Unfortunately,  this  tree  does  not  supply  timber  valuable  for 
aught  but  firewood  or  fence  posts,  being  quite  bi:ittle.  The  native 
cottonwoods,  while  somewhat  retarded  and  dwarfed  in  their  growth  in 
strong  alkali,  are  quite  tolerant  of  the  white  salts^  especially  of  glauber 
salt. 

Of  other  trees,  the  oriental  plane,  or  sycamore,  and  the  black  locust, 
have  proved  the  most  resistant  in  the  alkali  lands  of  the  San  Joaquin 
Valley ;  and  the  former  being  a  very  desirable  shade  tree,  it  should  be 
widely  used  throughout  the  regions  where  alkali  prevails  more  or  less. 
The  ailantus  is  about  equally  resistant,  and  but  for  the  evil  odor  of  its 
flowers,  deserves  strong  commendation.  Of  the  eucalypts,  the  narrow- 
leaved  Eucalyptus  amygdalina  (one  of  the  ''red  gums'')  seems  to  be 
least  sensitive,  and  in  some  cases  has  grown  as  rapidly  as  anywhere. 
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The  E,  rostrata,  as  well  as  the  piiik-flowered  variety  of  H.  sideroxylon, 
are  now  doing  about  as  well  as  the  amygdalina  at  Tulare,  where  at  first 
they  seemed  to  suffer.  The  common  blue  gum,  E,  globulus,  is  much 
more  sensitive. 

Of  the  acacias,  the  tall-growing  A.  melanoxylon  (** black  acacia") 
resists  pretty  strong  alkali,  even  on  stiff  soil ;  ajs  can  be  seen  at  Tulare 
and  Bakersfield,  where  there  are  trees  nearly  two  feet  in  diameter.  The  ■ 
beautiful  A,  lophantha  (Albizzia)  has  in  plantings  made  along  the  San 
Joaquin  Valley  Railroad  shown  considerable  resistance,  likewise;  but 
it  is  quite  sensitive  to  frost. 

One  of  the  ** Australian  pines,  Casuarina  equisetifolia,^^  was  trans- 
planted experimentally  on  station  grounds  of  the  Valley  Railroad  from 
the  Chico  forestry  substation,  and  a  number  are  growing  very  well  in 
alkali  lands.  This  tree  is  credited  by  Maiden  with  being  tolerant  of 
** saline  soil."  Doubtless  many  others  of  the  Casuarina  tribe  will  be 
found  similarly  resistant. 

Of  Eastern  trees,  the  elms  have  done  fairly  well,  but  the  tulip  tree, 
the  linden,  the  English  oak,  and  most  other  trees  of  the  Atlantic  States, 
become  stunted.  Among  those  doing  fairly  well  is  the  honey  locust; 
but  its  thorns  and  imperfect  shade  render  it  not  very  desirable. 

The  California  maple  {Acer  macrophyllum)  and  box  elder  {Negundo 
calif ornica)  have  done  fairly  well  in  the  lighter  alkali  lands  at  Tulare. 

A  most,  remarkably  alkali-resistant  shrub  or  small  tree  is  the  pretty 
Koelreuteria  paniciilata,  which  at  Tulare  is  growing  in  some  of  the 
strongest  alkali  soil  of  the  tract  (.062  per  cent  or  about  10,000  pounds 
in  four  feet  per  acre).  Unfortunately  it  is  available  mainly  for  orna- 
mental purposes ;  its  wood,  while  small,  is  very  hard  and  makes  excellent 
fuel. 

A  number  of  Washingtonia  palms  are  growing  along  the  border  of  the 
Tulare  station  tract  and  county  road,  in  soils  containing  about  .097 
per  cent  or  15,000  pounds  of  alkali  salts  per  acre.  The  palms  look  well 
and  none  of  them  seem  to  have  been  affected  by  alkali. 

A  large  date  pulm  is  growing  in  a  sandy  alkali  soil  at  the  Tulare 
£.ubstation  and  is  not  at  all  affected  by  the  two  hundredths  of  one  per 
cent  (2,800  pounds  per  acre)  of  carbonate  of  soda  present.  It  will 
clearly  tolerate  a  larger  amount.  Only  a  trace  of  common  salt  was 
found  in  the  soil. 

The  carbonate  of  soda  around  the  roots  of  a  large  Oriental  sycamore 
tree  is  comparatively  small  (.020  per  cent  or  3,200  pounds  per  acre), 
but  common  salt  is  present  to  the  extent  of  more  than  one  tenth  of  one 
per  cent,  which  gives  the  enormous  amount  of  20,000  pounds  per  acre 
in  four  feet  depth.  It  is  clear,  then,  that  in  almost  any  alkali  land 
reclaimed  from  carbonate  of  soda  this  tree  Avill  make  good  growth. 
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OENERAIi  SUMMARY  OP  RESULTS  THUS  PAR  OBTAINED. 

The  following  tables  present  in  brief  fonn,  for  comparison,  the  nearest 
approach  to  maximnm  tolerance  of  each  of  the  salts  of  alkali  thus  far 
obtained  for  fruits  and  other  cultures;  giving,  of  course,  the  amounts 
in  which  each  culture  was  growing  and  in  good  condition  entirely 
unaffected  by  alkali.  The  cultures  are  arranged  in  the  order  of  highest 
tolerance. 

These  results  are  of  course  only  tentative,  for  in  a  great  majority  of 
<.»ases  future  examinations  will  probably  greatly  raise  the  figures  given 
in  the  tables. 

Highest  Amount  of  Alkali  In  Whleh  Fruit  Tpees  Were  Found  Unaffected. 
Arranged  from  highest  to  lowest.    Pounds  per  acre  in  four  feet  depth. 


Sulfates  .  Carbonate 

(Glauber  Salt).  (Sal  Soda). 


OrapeH 40,800 

Olives 30,W0 

Figs 24,480 

Almonds 22,720 

Oranges 18,600 

Pears   .._ 17,800 

Apples 14,240 

Peaches 9,600 

Prunes 9,240 

Apricots  .* 8,640 

U'mons 4,480 

Mulberrv...-  3,860 


Grapes 7,550 

Oranges 3,840 

Olives 2,880 

Pears 1,760 

Almonds 1,440 

Prunes 1,360 

Figs 1,120 

Peaches 680 

Apples 640 

Apricots 480 

Lemons 480 

Mulberry....  im 


Chlorld 
(Common  Salt). 

Grapes 9,640 

Olives 6,640 

Oranges    3,360 

Almonds....  2,400 

Mulberry.-..  2,240 

Pears 1,360 

Apples 1,240 

Prunes 1,200 

Peaches    ....  1.000 

Apricots 960 

Lemons 800 

Figs. 800 


I 


Total  Alkali. 


Other  Trees. 


Kolreuteria  .. 

Kucal.am. 

Or.  Sycamore- 
Was  fi.  Palms. 
Date  Palms  .. 
<Jamph.  Tree . 


51,040 
134,720 
19,240 
13.(W0 
5,500 


Kolreuteria  _ 
Or.  Sycamore 
Date  Palms. - 
Eucal.  am.  .. 
Wash.  Palms 


6,280  i  Cam  ph.  Tree. 


9,920 
3,200 
2,800 
2,720 
1,200 
320 


Or.  Sycamore  20,320 
Kolreuteria  .  12,640 
Eucal.  am.  ..  2,960 
Camph.Tree.  1,420 
Wash.  Palms    l,mo 


Grapes 45,760 

Olives 40,160 

Almonds 26,560 

Figs   26,400 

Oranges 21,840 

Pears 20,920 

Apples 16,120 

Prunes 11,800 

Peaches 11,280 

Apricots 10,060 

Lemons 5,760 

Mulberry  ....    5,760 


Kolreuteria  ..  73,600 
Or.  Sycamore.  42,760 

Eucal.  am 40,400 

Wash.  Palms.  15,280 
Date  Palms...  8,320 
Camph.  Tree .    7,020 


Small  Cultures. 


Saltbush 125,640 

Alfalfa,  old- -.102,480 
.\lfalfa,voung  11,120 
Hairy  Vetch.-  63.720 
Sorghum  ...   .  61,840 

Sunflower 52,610 

Radish 51,880 

Sugar  Beet  ..  48,5<)0 
Artichoke  ...    :38.720  , 

Potatoes 32,530 

Onions 32,530 

Carrot 24,880  ; 

Gluten  Wluat  20  96(»  ! 

Wheat 15.120  ' 

Barlev I^.OIJO  ; 

Goat's  Rue    ..   I(),h8()  i 

Rve 9,801) 

Canaicre 9,l«*i0  ' 

Rav  Grass...     6,920  1 

Modi  .la 6,800 

Bur  Clover...    5,70t>  , 

Lupin 5.440 

White  Meliiot  4,920 
Celery 4,080  i 


Saltbush  ....  18,560 

Barley 12,170 

Bur  (Tlover..  11,300 

Sorghum 9,840 

Radi.sh 8,720 

Modiola 4,760 

Sugar  Beet.-  4,000 

GlutenWheat  3,000 

Artichoke   ..  2,760 

Lupin    2.720 

Hairv  Vetch.  2,480 

Alfaffa 2,360 

Grasses 2,300 

Kaffir  Corn..  1,800 

Sweet  Corn.-  1,800 

Sunflower-..  1,760 

Wheat  1.480 

Carrot  1,240 

Rve 960 

Goat's  Rue-.  760 

White  Meliiot  480 

Caiiaigre  ....  120 


Modiola 

Saltbush  .-._- 
Sugar  Beet*- 

Sorghum 

Celery   _ 

Potatoes 

Onions 

Alfalfa,  old., 
Alfalfa,yo'ng 
Sunflower  ... 

Barley 

Hairy  Vetch 

Lupin    

Carrot  t 

Radish 

Rye.  --.  ... 
Sweet  Peas.- 
Artichoke ... 
GlutenWheat 

Wheat 

Grasses 

White  Meliiot 
Goat's  Rue.- 


40,860  I 

12,520  I 

11,900  I 

9,680  ; 

9,600 

5,810  I 

5,810  I 

5,760 

760 

5,440 

5,100 

3,160 

3,040 

2,600 

2,240 

1,720 

1.500 

1,480 

1,480 

1,160 

1,(.KX) 

440 

160 


I 


Saltbush 156,720 

Alfalfa,  old. ..110,320 
Alfalfa,  young  13,120 

Sorghum 81.360 

Hairy  Vetch..  6{),360 

Radish.  62,840 

Sunflower...  59,840 
Sugar  Beet*..  54,480 

Modiola 52,420 

Artichoke.^--  42,960 

Potatoes 38,340 

Onions ,.  ;^,340 

Carrot 28,480 

Barlev 25,520 

Gluten  Wheat  24,320 

Wheat :...  17,280 

Bur  Clover i..  17,C00 

Celery 13,680 

Rye 12.480 

Goat's  Rue...  11.800 

Lupin 11,200 

Cafiaigre 9,360 

Ray  Grass-...    6,920 
White  Meliiot    5,840 


•In  3  feet,    f  In  1  foot. 
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IRRIGATION  WITH  SALINE  WATERS. 

It  would  hardly  seem  necessary  to  emphasize  specially  the  danger 
incurred  in  irrigation  with  waters  containing  unusual  amounts  of  solu- 
ble salts ;  since  ordinary  common  sense  clearly  indicates  the  impropriety 
of  increasing  the  saline  contents  of  soils  already  charged  with  them,  by 
the  evaporation,  year  after  year,  of  large  masses  of  saline  water.  Yet 
experience  has  shown  that  the  eagerness  to  utilize  for  irrigation  what- 
ever water  happens  to  be  convenient  to  good  lands,  often  overcomes 
both  that  sense,  and  the  warning  given  by  the  published  analyses  of  such 
waters.  Without  specifying  localities,  it  may  be  said  that  great  injury 
has  already  been  done  in  California  by  the  disregard  of  obviously 
nieedful  caution  in  this  respect.  The  very  slight  taste  possessed  by 
glauber  salt  and  salsoda  does  not  adequately  indicate  their  presence 
even  when  in  injurious  amounts;  so  that  frequently  a  chemical  test  of 
the  waters  is  the  only  definite  guide.  A  few  general  rules,  however,, 
will  help  to  enable  the  irrigator  to  determine  whether  or  not  such 
examination  is  called  for. 

It  may  be  taken  for  granted  that  the  waters  of  all  lakes  having  no 
regular  outflow  are  unfit  for  regular  irrigation  use;  since  they  must 
needs  contain  all  the  accumulations  of  salts  from  the  secular  evaporation 
of  the  waters  that  flow  into  them. 

The  plates  annexed  exhibit  the  cultural  results  of  several  years  ^ 
irrigation  with  the  waters  of  Lake  Elsinore,  Riverside  County,  as  com- 
pared with  the  growth  of  orange  trees  on  the  same  land,  but  irrigated 
with  artesian  water.  Lake  Elsinore  is  fed  by  the  San  Jacinto  River,, 
and  in  wet  years  sometimes  overflows  for  a  few  weeks  into  Temescal 
Creek.  Thus  its  saline  content  varies  somewhat,  from  about  80  to  over 
100  grains  per  gallon,  of  salts  containing  three-fifths  of  common  salt 
and  one-fifth  each  of  glauber  salt  and  carbonate  of  soda.  The  latter,. 
as  already  stated,  tends  .to  form  a  hardpan  in  the  subsoil,  and  such 
hardpan  was  actually  formed  where  the  water  was  used ;  and  afterwards 
prevented  its  proper  penetration,  so  that  the  trees  suffered  from  dry- 
ness of  their  lower  roots,  while  damaged  by  the  alkali  salts  near,  the 
surface.  As  mentioned  before,  experience  elsewhere  has  shown  that 
citrus  trees  are  especially  sensitive  to  common  salt. 

The  investigations  made  by  the  Station  have,  moreover,  shown  that 
aside  from  the  frequently  saline  character  of  the  well  and  even  the 
artesian  waters  of  the  petroleum-bearing  region  of  the  State  in  the  coast 
ranges,  the  streams  of  that  region,  especially  the  smaller  ones,  are  some- 
times too  strongly  charged  with  ** alkali''  (in  this  case  largely  the 
sulfates  of  soda  and  magnesia)  to  be  suitable  for  either  irrigation  or 
domestic  use.    Toward  the  end  of  the  dry  season,  even  the  larger  streams. 
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of  the  southern  coast  ranges,  with  their  diminished  flow,  sometimes 
show  an  excess  of  salts.  This  seems  also  to  be  true  of  the  San  Jacinto 
River,  which  feeds  Elsinore  Lake. 

The  waters  flowing  from  the  Sierra  Madre,  south  of  the  Tehachapi 
range,  are  throughout  of  excellent  quality  for  irrigation  purposes;  as 
are  all  those  flowing  from  the  Sierra  Nevada.  The  same  is  true  of  the 
artesian  waters  of  the  valley  of  southern  California,  from  Los  Angeles 
east  to  Redlands,  and  of  all  the  deeper  borings  of  the  Antelope  Valley. 

In  the  Great  Valley,  the  artesian  waters  vary  greatly  in  quality.  Those 
of  Kern  and  Tulare  counties  are  mostly  good,  sometimes  exceptionally 
so,  as  in  the  ca*e  of  the  water-supply  of  Tulare  City.  It  is  only  in  the 
shallower  borings,  near  the  borders  of  Tulare  Lake,  that  some  waters 
strongly  charged  with  carbonate  of  soda  or  other  salts  have  been  found. 
Prom  Fresno  and  Merced  we  have  few  data  as  yet;  but  it  seems  that 
north  of  a  line  drawn  from  northeastern  Stanislaus  via  Tracy  to  Point 
of  Timber,  saline  waters,  sometimes  accompanied  by  some  gas,  occur  at 
certain  levels.  But  the  deep  wells  bored  at  Stockton  and  Sacramento, 
and  northward,  have  good  potable  water. 

Limits  of  Saline  Con^en^s.— Unfortunately  it  is  not  easy  to  give  abso- 
lute rules  in  regard  to  the  exact  figures  that  constitute  an  excess  of  salts 
for  irrigation  purposes,  since  not  only  the  composition  of  the  salts, 
but  also  the  nature  of  the  land  to  be  irrigated,  and  the  frequency  and 
amount  of  irrigation  water  required,  must  be  taken  into  consideration. 

Broadly  speaking,  the  extreme  limits  of  mineral  content  usually 
assigned  for  potable  waters,  viz,  40  grains  per  gallon,  also  applies  to 
irrigation  waters.  Yet  it  sometimes  happens  that  all  or  mo3t  of  the 
solid  content  is  gyi)sum  and  epsom  salt;  when  only  a  large  excess  of 
the  latter  would  constitute  a  bar  to  irrigation  use.  When,  on  the  con- 
trary, a  large  proportion  of  the  solids  consists  of  carbonate  of  soda  or 
of  common  salt,  even  a  smaller  proportion  of  salts  than  40  grains 
might  preclude  its  regular  use,  depending  upon  the  nature  of  the  soil 
to  be  irrigated.  For  in  a  clay  loam,  or  a  heavy  adobe,  not  only  do  the 
salts  accumulate  nearer  to  the  surface,  but  the  subdrainage  being  slow 
and  imperfect  (unless  underdrained) ,  it  becomes  difficult  or  impossible 
to  wash  out  the  saline  accumulations  from  time  to  time,  as  is  feasible 
in  sandy  lands.  In  these,  moreover,  as  already  stated,  the  alkali  never 
becomes  as  concentrated  near  the  surface  as  in  heavier  soils.  Again, 
where  hardpan  exists  in  sandy  land,  saline  irrigation-water  soon  sat- 
urates the  soil  mass  above  it  with  salts. 

It  has  been  observed  by  Means  that  in  the  Algerian  Sahara  region, 
where  the  date  palm  is  extensively  grown  in  very  sandy  land,  the  trees 
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are  irrigated  regularly  with  water  that  contains  as  much  as  213  grains 
of  alkali  salts  per  gallon.  The  great  depths  and  pervionsness  of  these 
lands,  together  with  the  fact  that  alkaline  salts  do  not  accumulate  near 
the  surface  in  very  sandy  materials,  explain  the  tolerance,  by  the 
palms,  of  these  waters,  which  are  moreover  used  in  great  abundance. 

During  the  dry  seasons  just  past  saline  waters  have  frequently 
been  used,  exceptionally,  in  order  to  save  trees  threatened  with  death 
from  drought.  The  Station  has  even  advised  that  this  should  be  done, 
with  the  proviso  that  the  salts  so  introduced  must  he  washed  into  the 
subdravnage  by  heavy  irrigation,  whenever  practicable,  even  if  the  same 
saline  water  should  have  to  be  used  for  the  purpose.  For  few  such 
waters  are  sufficiently  strong  to  injure  vegetation  until  concentrated  by 
evaporation;  as  can  be  seen  from  the  vegetation  growing  close  to  the 
margins  of  alkaline  lakes,  with  its  roots  immersed  in  the  water. 

The  irrigator  can  determine  for  himself  whether  or  not  his  water  is 
of  doubtful  character,  by  evaporating  a  tablespoonful,  or  more,  in  a 
clean  silver  spoon  (avoiding  boiling).  If  the  dry  residue  should  form 
simply  a  thin,  powdery-looking  film  on  the  polished  metal,  he  may  be 
assured  that  the  water  is  all  right.  If,  on  the  other  hand,  an  obvious 
saline  crust  should  remain,  which  will  redissolve  in  water,  he  should 
either  have  an  analysis  made,  or  use  the  water  in  such  a  manner  as  to 
remove  the  accumulated  salts  from  time  to  time  by  washing  them  into 
the  subdrainage,  if  the  nature  of  the  soil  permits.  A  very  abundant  use 
of  such  waters  is  then  preferable  to  a  sparing  one;  but  the  user  should 
assure  himself  that  it  reaUy  penetrates,  for  otherwise,  especially  in  case 
much  carbonate  of  soda  is  present,  a  dense  hardpan  may  be  formed  that 
will  allow  the  trees  to  perish  from  drought  despite  aU  the  water  running 
in  the  irrigation  furrows.  A  pointed  steel  probe,  three-sixteenths  of  an 
inch  square,  provided  with  a  cross-handle,  like  a  hand  auger,  ought 
to  be  among  the  tools  of  every  farmer  for  such  tests  of  his  subsoil. 
No  farmer  in  the  arid  region  can  afford  to  be  ignorant  of  the  nature 
of  the  substrata  within  which  the  bulk  of  the  roots  of  his  crops  must 
vegetate. 
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RECLAIHABLE  AND  IRRECLAIMABLE  ALKALI  LANDS  AS  DISTINGtllSHED 
BY  THEIR  NATURAL  VEGETATION. 

While,  as  shown  above,  the  adaptation  or  non-adaptation  of  par- 
ticular alkali  lands  to  certain  cultures  may  be  determined  by  sampling 
the  soil  and  subjecting  the  teachings  to  chemical  analysis,  it  is  obvi- 
ously desirable  that  some  other  means,  if  possible  available  to  the 
farmer  himself,  should  be  found  to  determine  the  reclaimability  and 
adaptation  of  such  lands  for  general  or  special  cultures. 

The  natural  plant  growth  seems  to  afford  such  means,  both  as 
regards  the  quality  and  quantity  of  the  saline  ingredients.  The  most 
superficial  observation  shows  that  certain  plants  indicate  extremely 
strong  alkali  lands  where  they  occupy  the  ground  alone;  others  indi- 
cate preeminently  the  presence  of  common  salt;  the  presence  or  absence 
of  still  others  form  definite  or  probable  indications  of  reclaimability  or 
non-reclaimability.  Many  such  characteristic  plants  are  well  known 
to  and  readily  recognized  by  the  farmers  of  the  alkali  districts. 
''Alkali  weeds"  are  commonly  talked  about  almost  everywhere;  but  the 
meaning  of  this  term— i.  e.,  the  kind  of  plant  designated  thereby— 
varies  materially  from  place  to  place,  according  to  climate  as  well  as  to 
the  quality  of  the  soil.  Yet  if  these  charax5teristic  plants  could  be 
definitely  observed,  described,  and  named,  while  also  ascertaining  the 
amount  and  kind  of  alkali  they  indicate  as  existing  in  the  land,  lists 
could  be  formed  for  the  several  districts,  which  would  indicate,  in  a 
manner  intelligible  to  the  farmer  himself,  the  kind  and  degree  of 
impregnation  with  which  he  would  have  to  deal  in  the  reclamation 
work,  thus  enabling  him  to  go  to  work  on  the  basis  of  his  own  judg- 
ment, without  previous  reference  to  this  Station. 

The  carrying-out  of  such  a  plan  involves,  obviously,  a  very  large 
amount  of  botanical  as  well  as  chemical  work,  which  can  not  be  accom- 
plished within  a  few  seasons;  and,  in  view  of  the  wide  differences  in 
the  vegetation  of  the  several  alkali  regions  of  the  State,  the  same  work 
will  have  to  be  repeated  to  a  certain  extent  in  each  of  these  regions. 
The  object  to  be  achieved  is,  however,  of  such  high  practical  impor- 
tance—an importance  not  remotely  appreciated  as  yet  by  those  not 
familiar  with  the  enormous  extent  of  otherwise  desirable  lands  in  this 
State  that  are  more  or  less  tainted  with  alkali— as  to  deserve  the 
expenditure  upon  it  of  a  large  amount  of  work  as  promptly  as  possible. 

The  extreme  limitation  of  funds  under  which  the  Agricultural  Col- 
lege and  Experiment  Station  have  been  suffering  for  years,  has  thus 
far  restricted  the  scope  of  these  researches  very  closely,  both  geographi- 
cally and  otherwise.  It  is  hoped  that  in  the  future,  a  close  comparison 
of  the  native  vegetation  with  the  chemical  determination  of  the  quantity 
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and  kind  of  alkali  corresponding  to  certain  plants,  or  groups  of  plants, 
naturally  occurring  on  the  land,  may  enable  us  to  come  to  a  sufficiently 
close  estimate  of  the  nature  and  capabilities  of  the  latter  from  the 
native  vegetation  alore,  or  with  the  aid  of  test  plants  purposely  grown. 
•But  before  entering  upon  this  complex  problem,  it  has  been  thought 
best  to  determine,  first  of  all,  what  lands  may  for  present  economic 
conditions  be  considered  irreclaimable,  because  their  improvement  would 
involve  an  expense  out  of  proportion  with  present  land  values.  So  far 
as  large  areas  are  concerned,  this  may  probably  be  considered  to  be  the 
case  when  tile  underdrainage  is  required  in  order  to  wash  out  the  salts ; 
while  of  course  smaller  tracts,  which  interrupt  the  cultivation  of  fields, 
may  frequently  justify  the  laying  of  a  few  drain  lines  required  to  render 
them  cultivable  with  the  rest  of  the  land. 

As  stated  in  the  report  of  this  Station  for  1895-7,  the  field  work  of 
this  investigation,  both  botanical  and  in  the  collection  of  the  corre- 
sponding soil  samples,  has  been  done  by  Mr.  Joseph  Burtt  Davy, 
Assistant  Botanist  to  the  Station,  who  also  supplies  the  notes  accom- 
panying the  same ;  while  the  laboratory  work  for  the  determination  of 
the  amounts  and  kinds  of  salts  present  in  the  several  cases  has  been 
carried  out  by  Prof.  R.  H.  Loughridge. 

The  plants  hereinafter  mentioned,  and  figured  for  the  benefit  of  the 
great  majority  of  readers  who  would  fail  to  recognize  them  from  the 
botanical  description  alone,  are  then  to  be  understood  as  indicating, 
whenever  they  occupy  the  ground  as  an  abundant  and  luxuriant  growth, 
that  such  land  is  irreclaimable  for  ordinary  crops,  unless  underdrained 
for  the  purpose  of  washing  out  surplus  salts.  The  occurrence  merely 
of  scattered,  more  or  less  stunted  individuals  of  these  plants,  while  a 
sure  indication  of  the  presence  of  alkali  salts,  does  not  necessarily  show 
that  the  land  is  irreclaimable. 

The  plants  which  may  best  serve  as  such  indicators  in  California  are 
the  following: 

Tussock-grass  (Sporobolus  airoides,  Torr.),  Fig.  16; 

Greasewood  {Sarcobatus  vermicxdatus  (Hook.)  Torr.),  Fig.  17; 

Dwarf  Samphire  (Salicornia  subterminalis.  Parish,  and  other  species) , 
Fig.  18; 

Bushy  Samphire  (Allenrolfea  occidentalis  (Wats.)  Ktze.),  Fig.  19; 

Saltwort  (Suaeda  Torreyana^  Wats.,  and  S.  suffrutescens,  Wats.), 
Fig.  20; 

Alkalihheath  {Frankenia  grandifolia  campestris,  Gray),  Fig.  21: 

Cressa  (Cressa  cretica  tnixillensis,  Choisy),  Fig.  22. 
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TUSSOCK-GRASS*   {Sporoholus  airoides,  Torr.)  ;  Fig.  10. 

The  three  sets  of  samples  of  Tussock-grass  soil  which  have  been 
analyzed  show  that  the  total  amount  of  all  salts  present  is  in  no  case 
than    49,000    pounds    per 


acre,  to  a  depth  of  four  feet, 
and  that  it  sometimes  reaches 
the  extraordinarily  high  figure 
of  499,000  pounds,  or  more  than 
three  per  cent.  Of  these 
amounts  the  neutral  salts 
(glauber  salt  and  common  salt) 
are  usually  in  the  heaviest  pro- 
portion (glauber  salt,  19,600  to 
323,000  pounds  per  acre;  com- 
mon salt,  3,500  to  172,800)  ;  the 
corrosive  salsoda  varying  from 
3,000  to  44,000  pounds.  Tus- 
sock-grass apparently  can  not 
persist  in  ground  which  is  peri- 
odically flooded.  It  is  of  special 
importance  because  it  is  an 
acceptable  forage  for  stock. 

Tussock-grass  is  a  prevalent 
alkali-indicator  in  the  hot,  arid 
portions  of  the  interior,  from  the 
upper  San  Joaquin  Valley,  the 
Mojave  Desert,  and  southward; 
also  through  southern  Nevada 
and  Utah  as  far  east  as  Kansas 
and  Nebraska.    In  the  San  Joa-  "^•^^-  Tu88ocK-oRA8s-.^poro6ofiw  airoidf^.ToKR. 

^T  M  1  .     J.  -1       (From  Division  of  Agrostology,  U.S.  Dept.Agr.) 

qum  Valley  we  have  not  found 

it  farther  north  than  the  Tulare  plains,  although  east  of  the  Sierra  it 
occurs  near  Reno.  Coville  observes  that  in  the  Death  Valley  region  **it 
is  confined  principally  to  altitudes  below  1,000  meters''  (3,280  feet). 
Hillman,  however,  reports  it  from  near  Reno,  Nevada,  at  an  altitude 
which  can  not  be  much  less  than  4,500  feet. 

GREASEWOODt    {^SarcohaUis  vcrmiculatus   (Hook.),  Torr.);   Fig.   17. 
Through  the  courteous  cooperation  of  Prof.  F.  H.  Hillman,  Botanist 
to  the   Nevada  Agricultural   Experiment   Station   at  Reno,   we  have 

♦So-called  Decause  it  grows  in  large  clumps  or  tussocks,  which  feature  unfor- 
tunately is  not  indicated  in  the  illustration. 

tThis  is  the  true  GreaHCWood  of  the  desert  region  east  of  the  Sierra  Nevada,  and 
not  either  of  the  plants  known  under  that  name  in  the  San  .Toaquin  Valley  and  in 
southern   California. 
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obtained  three  series  of  samples  of  Greasewood  soil  from  that  vicinity. 
These  samples  show  that  where  the  Greasewood  shrubs  are  thinly 
scattered  and  stunted  in  growth,  the  salt  content  per  acre  to  the  depth 
of  three  feet  is  about  2,400  pounds,  of  which  over  one  half  consists  of 
the  corrosive  carbonates.    Where  a  luxuriant  growth  occurs  the  total 


FIG.  17.    Greasewood  (proper)— .'^arcobatui*  vermiculatus  (Hook.),  Torr. 

A.  Appearance  of  a  branch  when  not  in  blossom. 

B.  Spiny  branchlet  from  the  same. 

C.  Branchlet  bearing  cones  of  male  flowers. 

D.  Cone  of  male  flowers,  enlarged. 

E.  Branch  bearing  fruits. 

F.  Cluster  of  fruits,  enlarged. 

G.  Vertical    section    through  a  fruity  nhowing  a  seed    with    its 

curved  embryo  (enlarged). 

^alts  per  acre  vary  from  38,000  to  58,500  pounds,  with  18,700  pounds 
of  salsoda  and  920  to  3,680  pounds  of  common  salt;  the  relative  per- 
iientage  of  the  injurious  salsoda  is  thus  invariably  high.  The  common 
salt  is  low  and  the  neutral  glauber  salt  is  variable.  This  plant  therefore 
always  indicates  the  presence  of  *' black  alkali.*' 
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Greasewood  is  distinctly  a  plant  of  the  Great  Basin,  only  reaching 
California  in  the  adjacent  counties  of  Lassen,  Alpine,  Mono,  and 
northern  Inyo;  It  is  very  abundant  on  the  lower  levels  of  Honey  Lake 
Valley,  and  evidently  flourishes  best  in  black  alkali. 

DWARF  SAMPHIRE   (i^alicomia  suhterminalia.  Parish,  and  other  species  of 
the  interior)  ;  Fig.  18. 

The  two  or  three  species  of  Dwarf  Samphire  which  grow  in  the 
interior  valleys  of  the  State  are  nowhere  very  abundant  in  those  por- 
tions of  the  alkali  region 
which  we  have  thus  far 
investigated.  Wherever 
the  species  do  occur, 
however,  they  are  con- 
fined to  such  very 
strongly  saline  soils  that 
they  may  be  considered 
valuable  indicative 
plants.  We  have  as  yet 
only  one  full  set  of 
samples  of  Dwarf  Sam- 
phire soil.  This  shows 
the  total  salt  content  to 
amount  t  o  441,880 
pounds  per  acre  in  a 
depth  of  four  feet.  The 
neutral  glauber  salt 
amounts  to  314,000 
pounds,  almost  as  much 
as  in  Tussock-grass  soil ; 
common  salt  up  to  125,- 
640  pounds,  while  the 
salsoda  varies  from  2,200 
to  12,000.  We  may  con- 
sider this  plant  as  in- 
dicative of  almost  the 
highest  percentage  of  common  salt,  glauber  salt,  and  total  salts.  Like 
the  preceding  species,  it  indicates  ** white"  salts  in  excessive  amounts, 
and  a  subsoil  too  wet  for  the  Australian  saltbush. 

BUSHY  SAMPHIRE   (Allenrolfea  occidentalia  (Wats.)  Ktze.)  ;  Fig.  19. 

This  plant  is  locally  called  greasewood,  but  as  this  name  is  much  more 
commonly  used  for  Sarcobatus  vermiculatus,  it  seems  best  to  call  Allen- 
rolfea  ** bushy  samphire,*'  as  it  closely  resembles  the  true  samphire 
(Salicornia). 

5— BUL.  128-133 
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FIG.  18.    DWARK  Sauphire— Salicornia  snbterminalis,  Parish. 
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Bushy  samphire  usually  grows  in  low  sinks,  in  soil  which  in  winter 
is  excessively  wet  and  in  summer  becomes  a  *'dry  bog.''    Wherever  the 
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FIG.  19.    Bushy  Samphire— ^//fwroi/ea  orridentaiis  (Wats.)  Ktze. 
[Called  "Greasewood  "  in  San  Joaquin  Valley.] 

plant  grows  luxuriantly  the  salt  content  is  invariably  high,  the  tot«l 
salts  varying  from  *327,000  pounds  per  acre  to  a  depth  of  three  feet,  to 
494,520  pounds  in  four  feet.    The  salts  consist  mainly  of  glauber  and 
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common  salts  (a  maximum  of  about  275,000  pounds  of  each) ;  salsoda 
varies  from  2,360  to  4,800  pounds  per  acre.  The  percentage  of  common 
salt  and  total  salts  is  higher  than  for  any  other  plant  investigated,  and 
the  glauber  salt  is  almost  proportionate.  The  areas  over  which  this 
plant  grows  must  therefore  be  considered  as  among  the  most  hopeless 
of  alkali  lands,  for  although  its  salts  are  ''white,"  submergence  during 
winter  precludes  the  growth  of  Australian  saltbush. 

Bushy  samphire  is 
a  common  plant  in 
alkali  soils  in  the 
upper  San  Joaquin 
Valley,  around  Bak- 
ersfield  and  Delano; 
a  few  stunted  bushes 
occur  near  the  margin 
of  Tulare  Lake,  west 
of  Tulare,  but  at  that 
point  it  appears  to  be 
dying  out.  It  also 
occurs  on  the  east 
slope  of  Livermore 
Pass,  and  in  an  alkali 
sink  in  a  pocket  of 
the  hills  at  Byron 
Springs,  Contra 
Costa  County.  In 
the  Death  Valley  re- 
gion the  plant  appears 
to  be  very  abundant, 
occupying  an  area 
considerably  more 
southern  than  what  appears  to  be  the  southerly  limit  of  Greasewood 
(Sarcobaius) . 

SALTWORT  (Suacda  Torreyana,  Wats.,  8.  9uffrutescens,  Wats.,  and  perhaps 
one  other  species)  ;  Fig.  20. 

Samples  of  Saltwort  soil  from  Bakersfield,  Kern  County,  and  Byron 
Springs,  Contra  Costa  County,  taken  to  a  depth  of  one  foot  and  three 
feet  respectively,  show  that  this  plant  grows  luxuriantly  in  a  soil  con- 
taining 130,000  pounds  of  salts  per  acre  in  the  first  foot,  and  with 
10,480  pounds  of  the  noxious  salsoda  and  39,760  pounds  of  common 
salt  in  three  feet ;  while  only  a  sparse  growth  is  found  on  soils  contain- 
ing only  3,700  pounds  of  salts  in  three  feet.  It  thus  appears  to  indicate 
a  lower  percentage  of  salsoda  than  does  Greasewood,  but  a  higher  per- 


FIG.  20.    8a  LTWORT-— i'aacda  rotrcyana,  Wats. 
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centage  than  Bushy  Samphire.  Further  inyestigation  is  necessary  to 
determine  the  exact  relation  of  the  different  salts  to  the  growth  of  the 
plant,  and  as  to  whether  carbonates  always  occur  in  large  quantity; 
but  enough  data  have  been  gathered  to  show  that  a  luxuriant  growth 
of  saltwort  indicates  a  soil  practically  irreclaimable  except  at  the 
expense  of  leaching. 


ALKALI-HEATH  (Frankenia  grandifolia  catnpesiris,  Gray)  ;  Fig.  21. 

Alkali-heath  is  perhaps  the  most  widely  distributed  of  an>y  of  our 
California  alkali  plants.    Its  perennial,  deep-rooting  habit  of  growth. 

and  flexible,  somewhat 
wiry  rootstock,  which  en- 
ables it  to  persist  even  in 
cultivated  ground,  render 
it  a  valuable  plant  as  an 
alkali  indicator.  The  salt 
content  where  Alkali-heath 
grows  luxuriantly  is  inva 
riably  high,  ranging  from 
64,000  to  282,000  pounds 
per  acre;  salsoda  varies 
from  680  to  19,590  pounds, 
common  salt  ranges  from 
5,000  to  10,000  pounds. 
Such  soils  would  not  be 
benefited  by  the  applica- 
tion of  gypsnm,  as  the 
salts  are  alrea^  largely 
in  the  neutral  state.  Of 
useful  plants  only  Saltbushes  and  Tussock-grass  are  likely  to  flonrish 
in  such  lands. 

While  Alkali-heath  is  thus  one  of  the  most  alkali-tolerant  plants,  it 
is  at  the  same  time  capable  of  growth  with  a  minimum  of  salts  (total 
salts  3,700  pounds,  salsoda  680  pounds).  Where  only  a  sparse  growth 
of  this  plant  occurs,  therefore,  the  land  should  not  be  condemned  until 
a  chemical  examination  of  the  soil  has  been  made. 

Alkali-heath  is  found  on  soils  of  very  varying  physical  texture  and 
degrees  of  moisture;  while  on  soils  of  uniform  texture  and  moisture, 
but  differing  in  chemical  composition,  it  varies  with  the  varying  salt- 
content. 

It  has  been  found  that  Australian  Saltbush  {Atriplex  semibaccat^ 
can  be  successfully  grown  on  the  Colusa  County  *' goose  lands,"  on  soil 
producing  a  medium  crop  of  Alkali-heath;  it  remains  to  be  shown 


FIG.  21.    Ai.KAU-HKATH-FranJtCTiia    grandifolia 
camprntrift,  A.  Gray. 
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whether  it  will  do  equally  well  on  soils  producing  a  dense  and  luxuriant 
growth  of  the  same. 

Alkali-heath  is  widely  distributed  throughout  the  interior  valleys  of 
California.  A  closely  related  form  is  found  in  salt  marshes  along  the 
coast,  differing  from  that  of  the  interior  principally  in  its  much  broader 
Jeaves. 

GRESSA   {Cressa  creiica  inioUlenHa,  CJhoisy)  ;  Fig.  22. 

Cressa  soils  show  a  low  percentage  of  the  noxious  salsoda,  but  com- 
paratively heavy  total  salts 
(161,000  to  282,000  pounds 
per  acre).  Common  salt 
varies  from  5,760  to  20,840 
pounds  per  acre  in  four  feet. 
The  maximum  is  lower  than 
in  the  case  of  Alkali-heath, 
but  Cressa  seems  to  be  much 
more  closely  restricted  to 
strong  alkali  than  does  the 
former  species.  Cressa  ap- 
pears to  be  as  widely  dis- 
tributed through  the  interior 
valleys  of  the  State  as  Alkali- 
heath.  It  is  a  cosmopolitan 
plant,  occurring,  as  its  name 
indicates,  on  the  Ionian  Isles, 
as  well  as  in  North  Africa, 
Syria,  and  in  other  arid 
countries  of  the  world. 


FIG.  22.    Cressa— CrM»a  cretica  lruxiaen$U,  Cholsy. 


RELATIVE   TOLERANCE   OF   THE   DIFFERENT   SPECIES. 

In  order  to  determine  the  relative  nature  of  the  soils  characterized 
by  each  of  the  above-named  plants,  Mr.  Davy  has  prepared  the  follow- 
ing table,  in  which  the  column  marked  optimum  shows,  as  nearly  as 
possible  with  our  present  knowledge  of  the  subject,  the  condition  of  the 
soil  where  each  species  grows  in  about  equal  luxuriance.  For  Saltwort 
and  Dwarf  Samphire  we  have  not  yet  been  able  to  obtain  as  thoroughly 
characteristic  soil  samples  as  could  be  desired,  but  we  hope  to  be  able  to 
do  so  during  the  coming  season. 

It  must  be  understood  that  the  optimum  indicates  the  condition  under 
which  the  plant  has  been  found  at  its  greatest  luxuriance— where  it  is 
evidently  **at  home''—;  whereas  the  maximum  and  minimum  have 
sometimes  been  obtained  where  the  plants  were  more  or  less  stunted  in 
growth  and  sparingly  scattered  over  the  ground. 
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Table  Showing  Optimum,  Maximum,  and  Minimum  of  Salts  Tolerated  by  Baeh  of  the 

Several  Alkali  FlanU. 


Total  SalU. 


Bushy  Samphire .. 
n  Samphires  . 


Dwaj 

Alkali-heath  . 

Cressa 

Saltworts 

Qreasewood  .-. 
Tussock-grass  . 


Carbonates  (Salsoda). 

Tussock-grass 

Alkali-heath 

Greasewood 1 

Dwarf  Samphires 

Saltworts 

Cressa 

Bushy  Samphire 

Chlorids  (Common  Salt). 

Bushy  Samphire 

Dwarf  Samphires 

Saltworts 

Cressa 

Alkali-heath 

Tussock-grass 

Greasewood 


Sulfates  (Glauber  salt). 

Dwarf  Samphires 

Bushy  Samphire 

Cressa --. 


Alkali-heath  . 

Saltworts 

Greasewood  _ 
Tussock-grass  . 


Pounds  per  Acre. 

Optimum. 
494,520 

Maximum. 

Minimam. 

494,520 

135,0Hi) 

441,880 

441,880 

441,S» 

281,960 
64,300 

499,040 

3,?30 

281,960 

281,960 

161,160 

130,000 

153,020 

3,7a> 

68,560 

58,660 

2,0^ 

49,000 

499,040 

49,(0) 

23,000 

44,400 

3,ak» 

]  '^"Q 

19,600 

6i*» 

18,720 

18,720 

!/>• 

12,120 

12,120 

2.3i'«» 

10,480 

12,120 

um 

5,440 

5,440 

mi 

4,800 

4,800 

l..i(«> 

212,080 

276,1«0 

56,^ 

125,640 

125,640 

125,6K> 

39,760 

52,900 

i.m 

20,840 

20,840 

5,:a> 

10,180) 
5,760f 

212,060 

i.iw 

6,200 

172,800 

3,o30 

3,680 

3,680 

m 

314,040 

314,040 

314AH" 

277,640 

277,640 

50.(w 

275,520 

275,520 

i       mM 

j   275,620 
]     34,530 

323,200 

\,^ 

44,160 

104,040 

i..-»? 

36,160 

36,100 

9^' 

1        19,640 

i 

323,200 

IH.*)*^ 

•This  plant  grows  with  equal  luxuriance  In  boUb  containing  only  680  pounds  of  carboDAte? 

In  these  tables  the  sequence  of  the  different  plants  has  been  arranged 
so  that  in  each  case  the  species  having  the  highest  optimum  comes  at 
the  head  of  the  list.  Arranged  in  this  way  the  tables  show  that  where 
these  plants  grow  in  luxuriance  they  may  be  considered  indicative  of 
the  following  conditions : 

Total  Salts  Indicators.— The  Samphires,  Alkali-heath,  and  Cressa  are 
all  indicative  of  excessive  total  salts.  Saltwort,  Oreasewood,  and 
Tussock-grass  indicate  much  lower  total  salt^content ;  indeed,  the  mail* 
mum  of  the  two  latter  plants  (Qreasewood  and  Tussock-grass)  is  so  h^ 
that  the  application  of  gypsum  (land-plaster)  would  in  some  cas(s 
(e.  g.  the  Tussock-grass  lands  near  Bakersfield)  render  the  soil  adapted 
to  the  cultivation  of  Modiola  and  Australian  Saltbush. 
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Sdksoda  Indicators.—It  is  noticeable  that  the  relative  position  of  the 
different  species  in  the  columns  of  optimtun  and  maximnin  is  more 
uniform  in  the  salsoda  table  than  in  any  other ;  and  whether  we  arrange 
the  sequence  of  the  plants  according  to  the  optimum  or  to  the  maximum, 
the  same  relative  position  is  maintained.  This  is  in  complete  accord 
with  what  our  knowledge  of  the  effect  of  salsoda  on  vegetable  life 
would  lead  us  to  expect ;  being  by  far  the  most  injurious  of  the  alkali 
salts,  the  range  of  tolerance  is  much  smaller,  and  the  limits  are  much 
more  clearly  defined  than  in  the  case  of  the  other  salts. 

Luxuriant  growths  of  Tussock-grass  and  Greasewood  are  invariably 
indicative  of  high  percentages  of  carbonates,  but  in  such  cases  the  total 
salt  percentage  is  sometimes  so  low  that  the  application  of  gypsum  (land- 
plaster)  would  render  the  land  fit  for  the  cultivation  of  Modiola  or 
even  Australian  Saltbush,  as  noted  above.  It  must  be  borne  in  mind, 
however,  that  where  Tussock-grass  grows  but  sparsely,  the  total  salt- 
content  may  reach  499,000  pounds,  an  amount  rendering  the  land  utterly 
worthless  for  agricultural  purposes  unless  the  surplus  salts  can  be 
removed. 

Alkali-heath  can  not  be  taken  as  an  accurate  gauge  of  the  salsoda 
content,  as  it  grows  with  equal  luxuriance  on  soils  containing  respec- 
tively 680  and  19,590  pounds  to  the  acre,  of  this  salt. 

The  Samphires  and  Saltworts  are  relatively  low  down  in  the  carbonate 
table,  and  may  be  taken  to  indicate  a  comparatively  low  percentage  of 
^' black  alkali." 

NeutraUSalt  Indicators.—The  Samphires  and  Saltworts  head  the 
neutral-salt  tables,  and  are  reliable  indicators  of  excessively  high  per- 
centages both  of  glauber  salt  and  of  common  salt.  Saltwort  comes 
next  to  Samphire  in  the  common-salt  table,  but  is  not  quite  such  a 
good  guide  to  the  ^auber  salt. 

Luxuriant  growths  of  Alkali-heath,  Greasewood,  and  Tussock-grass 
indicate  low  percentages  of  the  neutral  salts,  but  these  plants  will  some- 
times tolerate  (in  a  sparse  state  of  growth)  very  high  percentages. 


CONCLUSIONS. 

A  review  of  the  above  tables  and  of  the  more  detailed  results  brings 
with  it  the  following  conclusions : 

1.  While  for  the  crops  in  general  the  maximum  tolerance  for  alkali 
salts  has  not  yet  been  definitely  found,  close  approximations  are  reached 
with  a  number,  such  as  the  apple,  peach,  orange,  and  lemon  trees,  with 
respect  to  carbonate  of  soda  and  common  salt  In  one  or  two  instances 
alone  was  the  sulfate  of  soda  the  apparent  cause  of  distress  on  the  part 
of  a  tree. 
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2.  Grapes  and  olives  thus  far  stand  at  the  head  among  fruits  in  their 
tolerance  of  each  of  the  alkali  salts ;  oranges  grew  in  a  larger  amount  of 
carbonate  than  did  the  olive,  but  that  salt  was  chiefly  held  below  the  two 
surface  feet.  On  the  other  hand,  the  lemon  seems  to  be  the  most  sensi- 
tive to  the  effects  of  alkali,  especially  to  common  salt,  and  next  to  it 
the  orange. 

3.  The  amount  tolerated  depends  largely  upon  the  distribution  of 
the  several  salts  in  the  vertical  soil-column,  the  injury  being  most 
severe  in  the  surface  foot,  where  under  the  influence  of  the  unfortunate 
practice  of  surface-irrigation  the  feeding  rootlets  are  usually  found. 
It  is  therefore  important  that  in  alkali  regions  such  methods  of  culture 
and  irrigation  should  be  followed  as  to  encourage  deep  rooting  on  the 
part  of  crops. 

4.  The  amount  tolerated  varies  with  the  variety  of  the  same  plant,  as 
ishown  in  the  grape. 

5.  The  amount  of  alkali  tolerated  by  the  various  cultures  varies  with 
the  nature  of  the  soil.  It  is  lowest  in  heavy  clay  soils  and  fine-grained 
soils,  in  which  the  downward  movement  of  plant  roots  is  restricted; 
and  highest  in  loam  and  sandy  soils,  in  which  the  roots  have  freedom 
of  penetration. 

6.  Some  plants,  such  as  the  saltbush  and  alfalfa,  are  quite  susceptible 
to  alkali  salts  when  young,  but  when  the  roots  penetrate  deeply,  and 
the  ground  is  heavily  covered  with  the  foliage  of  the  plant,  they  are 
immune  to  a  very  large  extent. 

7.  Lands  heavily  charged  with  alkali  may  often  be  made  productive 
for  certain  crops  by  the  application  of  irrigation  water  in  sufficient 
amount  to  leach  the  salts  down  to  a  depth  of  several  (five  or  six)  feet, 
and  by  preventing  their  subsequent  rise  by  proper  mulching,  or  cultiva- 
tion until  the  foliage  of  the  plant  itself  will  prevent  evaporation  of  the 
soil  moisture  from  the  surface  of  the  ground.  Alfalfa  culture  has  thus 
been  made  highly  profitable  in  lands  once  so  strongly  charged  with 
alkali  as  to  kill  all  vegetation. 

8.  The  reclamation  of  lands  charged  with  carbonate  of  soda  by 
neutralization  with  gypsum  often  renders  possible  the  profitable  plant- 
ing of  such  crops  as  withstand  large  amoimts  of  common  salt  or  of 
glauber  salt. 

9.  The  effects  of  carbonate  of  soda  are  seen  in  the  yellowing  of  the 
leaves  of  the  tree  caused  by  its  corrosive  action  on  the  root-crown, 
whereby  the  proper  flow  of  sap  and  food  supply  to  the  leaves  is  pre- 
vented. The  effect  of  common  salt  is  seen  in  the  falling  of  the  leaves 
from  the  newer  branches,  and  in  the  blackening  and  curling  of  the 
leaves  of  pears. 
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10.  Sulfate  of  soda  (glauber  salt)  is  hurtful  only  when  present  in 
very  large  amounts,  most  cultures  doing  well  in  more  than  10,000 
pounds  per  acre  in  four  feet  depth;  saltbush,  hairy  vetch,  alfalfa,  and 
sorghum  grew  well  in  more  than  61,000  pounds. 

11.  Barley  is  better  adapted  to  alkali  land  than  is  wheat,  for  it  will 
withstand  the  effects  of  twice  the  amount  of  carbonate  of  soda  and  com- 
mon salt.  Of  course,  the  carbonate  may  be  neutralized  with  gj'^psum, 
and  in  the  absence  of  much  common  salt  will  permit  of  the  growth  of 
excellent  crops  of  wheat ;  but  where  the  amount  of  common  salt  exceeds 
5,000  pounds  barley  should  be  given  the  preference  over  wheat. 
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REPORT  ON  DRAINAGE  INVESTIGATIONS,  1903. 


INTEODTJCTIOH. 

The  best  practical  methods  of  applying  the  necessary  quantity  of 
water  to  soils  which  are  deficient  in  moisture,  and  of  draining  them 
when  the  supply  of  water  from  any  source  becomes  too  great,  are  of 
vital  interest  to  every  cultivator.  The  object  of  the  drainage  work 
which  the  OflBice  of  Experiment  Stations  has  undertaken  in  connection 
with  its  irrigation  investigation  is  to  study  these  methods  and  their 
efficiency  under  various  conditions,  to  examine  lands  needing  drainage, 
and  to  give  advice  as  to  their  reclamation.  Such  aid  has  been  given 
where  the  work  involved  was  fairly  representative  of  a  general  class 
of  conditions  affecting  the  reclamation  and  development  of  land. 
What  has  been  done  along  this  line  during  the  past  year  is  herein  out- 
lined, with  the  deductions  and  results  briefly  discussed.  Actual  field 
and  local  conditions  have  been  dealt  with  direct.  Business,  engineer- 
ing, and  practical  phases  of  various  problems  have  been  considered 
and  will  continue  to  receive  marked  attention  in  future  investigations. 

FLAHS  AKB  ESTIMATES  FOE  DEAINAGE   OF  FEESNO   DISTEIGT, 

GALIFOEinA. 

Investigations  were  made  in  the  vicinity  of  Fresno,  Cal.,  during  the 
sununer  of  1902,  to  secure  data  from  which  plans  for  the  drainage  of 
surplus  underground  water  could  be  intelligently  made.  Surveys 
were  made  in  1902  by  Prof.  O.  V.  P.  Stout,  agent  and  expert.  The 
necessity  for  drainage  has  been  forced  upon  the  attention  of  all  observ- 
ing fruit  growers  and  vineyardists.  The  facts  are  patent  to  everyone, 
but  the  particular  remedy  to  be  applied  has  not  been  so  clear  by  reason 
of  the  extent  of  territory  involved,  the  surface  and  soil  conditions 
peculiar  to  the  section,  and  the  elaborate  improvements  which  have 
become  an  essential  part  of  the  Fresno  surroundings.  All  of  these 
and  possibly  other  conditions  nmst  be  taken  into  consideration  in  the 
development  of  any  practical  drainage  plan. 

The  facts  which  emphasize  the  necessity  of  drainage  and  the  difficul- 
ties to  be  met  in  securing  it  may  be  briefly  enumerated.  The  lower 
soil  which   formerly  was   dry  and  afforded  ready  drainage  for  water 
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leaking  from  irrigating  canals  and  that  furnished  by  overimgation  of 
lands  which  they  serve,  has  become  filled  with  water  which  shows  at 
the  surface  in  the  lower  areas  and  at  varying  heights  in  the  soil  over 
the  entire  tract  of  cultivated  land.  This  water  table  or  plane  of  satura- 
tion is  not  infrequently  found  within  2  feet  of  the  surface,  though  its 
height  varies  during  the  growing  season.  The  effect  of  this  condition 
is  to  injure  growing  crops  in  two  ways.  First,  by  an  excess  of  water 
in  the  soil,  which  is  everywhere  and  at  all  times  a  hindrance  to  the 
proper  growth  and  development  of  useful  plants.  It  rots  the  roots  of 
trees  and  vines  and  limits  the  productive  depth  of  the  soil  to  that  por- 
tion lying  between  the  water  table  of  the  soil  and  the  surface,  thus  cut- 
ting off  a  large  part  of  the  available  fertility  peculiar  to  the  soil  of  this 
district.  Second,  by  the  excess  of  alkali  which  the  abundance  of  water 
has  dissolved  from  the  soil  and  which,  through  the  process  of  evapora- 
tion, has  become  concentrated  at  or  near  the  surface.  This  deposit  is 
the  result  of  successive  annual  accumulations  until  in  many  localities 
entire  vineyards  have  been  destroyed  and  others  are  in  the  various 
stages  of  decline.  That  the  evil  is  growing  and  threatens  the  final 
destruction  of  thousands  of  acres  of  valuable  vineyard  land  is  shown  by 
the  observations  and  opinions  of  the  most  careful  cultivators. 

That  drainage  will  remedy  the  evils  mentioned,  and  particularly  that 
it  will  arrest  the  inroad  of  alkali  and  furnish  a  means  for  the  reclama- 
tion of  land  already  injured  from  this  cause,  has  been  shown  in  many 
publications  of  the  California  Experiment  Station  .and  by  experiments 
made  by  farmers  in  this  and  other  States. 

EXTENT  Ain>  SESTJIiTS  OF  THE  ST7BVEY. 

The  study  made  in  the  Fresno  district  was  confined  to  the  engineer- 
ing problems  involved  in  the  proper  drainage  of  this  region,  and  its 
results  are  intended  to  show  what  mdybe  done  to  alleviate  similar 
difficulties  in  irrigated  regions  where  like  conditions  are  found. 

The  survey  made  during  the  summer  and  fall  of  1902  covered  a  terri- 
tory of  300  square  miles  and  was  made  for  the  purpose  of  determining 
the  surface  slopes,  the  position  and  kind  of  hardpan,  the  plane  of  sub- 
soil water,  the  action  of  existing  drains,  and  the  character  of  such 
drainage  water  as  could  be  obtained. 

The  territory  demanding  the  most  urgent  and  immediate  drainage  is 
that  lying  directly  south  and  southwest  of  the  city  of  Fresno,  compris- 
ing about  28  square  miles  of  highly  cultivated  vineyard  land,  or  that 
which  has  been  such.  The  surface  slopes  westerly,  and  in  some 
instances  southwesterly,  about  5  feet  per  mile  (see  Map,  PI.  I).  The 
main  irrigating  canals  extend  in  the  direction  of  the  greatest  slope 
and  parallel  each  other  at  intervals  of  from  three-quarters  to  one  and 
one-half  miles.  There  is  no  drainage  outlet  nearer  than  the  Fresno 
Slough,  which  is  15  miles  distant,  southwesterly  from  the  city  of  Fresno. 
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The  district  for  which  surveys  and  estimates  have  been  made  is 
bounded  as  follows:  Beginning  at  the  intersection  of  California  and 
Chestnut  avenues,  which  is  the  northeast  corner  of  the  district;  thence 
westerly  along  California  avenue;  thence  southwesterly  on  the  south 
side  of  the  ridge  to  Cornelia  and  Fresno  avenues;  thence  south  on 
Cornelia  avenue  to  Washington  avenue;  thence  east  on  Washington 
avenue,  across  the  Southern  Pacific  and  Santa  Fe  railroads  to  the 
southeast  corner  of  sec.  32,  T.  14  S.,  R.  21  E.;  thence  north  on  the 
east  line  of  sees.  32  and  29  to  North  avenue;  thence  west  to  Chestnut 
avenue;  thence  north  on  Chestnut  to  California  avenue,  the  place  of 
beginning. 

DEPTH  AND  FBEaTTENCT  OF  DKAINS. 

From  investigations  made  here  and  elsewhere  relative  to  the  drainage 
of  irrigated  land  which  has  become  wet  by  seepage,  it  is  learned  that 
shallow  drains,  by  which  are  meant  those  from  2  to  3i  feet  deep,  do  not 
prevent  the  rise  of  alkali  to  the  surface,  nor  in  many  cases  make  the 
land  sufficiently  dry  for  the  most  profitable  cultivation.  A  depth  of 
from  5  to  7  feet  for  main  drains,  it  is  believed,  will  lower  the  water  line 
to  such  a  point  that  the  accumulation  of  alkali  at  the  surface  will  cease; 
and  when  once  the  surface  excess  is  disposed  of  by  the  well-known 
methods  of  irrigation  and  cultivation  the  land  will  be  permanently 
restored. 

The  distance  apart  at  which  the  drains  should  be  placed  is  one-half 
mile  in  east  and  west  parallel  lines.  At  this  distance  they  will  be  acces- 
sible to  owners  of  land  on  either  side  without  great  difficulty;  and  fur- 
ther, it  is  believed  that  they  will  reduce  the  water  level  uniformly  over 
the  entire  area  with  the  exception  of  such  portions  as  have  a  persistent 
hardpan  stratum  at  a  depth  less  than  that  of  the  drains. 

QENEBAL  PLANS. 

While  the  depth  and  distance  apart  at  which  it  is  wise  to  place  the 
main  drains  are  quite  clear,  as  determined  by  examinations  so  far  made, 
there  may  be  a  choice  of  the  kind  of  drains  which  it  would  be  proper 
to  use  for  the  main  drainage.  Underdrains  constructed  of  drain  tile 
have  been  sufficiently  well  tested  at  Fancher  Creek  Nursery  and  Sun- 
nyside  Vineyard  to  prove  that  soil  water  will  readily  reach  them  and 
flow  away  when  an  outlet  is  provided;  and  further,  that  they  will 
lower  the  water  table  to  a  level  approaching  that  of  the  floor  of  the 
drains  for  a  distance  not  yet  determined.  Deep,  open  ditches,  when 
kept  in  good  condition,  will  relieve  adjacent  land  of  seepage  and 
drainage  water.  In  either  system  the  water  miLst  be  disposed  of  con- 
stantly and  not  be  permitted  to  accumulate  and  back  up  in  the  drains, 
thereby  raising  the  water  line  in  the  soil  between  them  and  partially 
defeating  the  object  of  their  construction. 
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PIiAN  NO.  1.— OPEN-DSAINAaE  SYSTEM. 

The  open  sj'^stem  for  the  district  described  must  have  an  intercepting 
outlet  drain  at  the  west  which  will  receive  and  carry  all  water  coming 
from  the  district  in  a  southwesterly  direction  toward  Fresno  Slough. 
It  should  begin  at  the  west  side  of  sec.  17,  T.  14,  R.  20,  extend  south- 
westerly, as  shown  upon  the  map,  in  the  direction  of  the  greatest  slope 
of  the  land  a  distance  of  6  miles,  having  a  full  depth  of  7  feet;  then, 
with  a  grade  of  li  feet  per  mile  for  2  miles,  until  the  water  is  discharged 
upon  the  surface  of  the  ground  at  a  point  40  feet  lower  than  the  surface 
of  the  land  where  it  started.  This  drain  should  be  12  feet  wide  on  the 
bottom,  with  side  slopes  of  1  to  1  for  the  entire  distance.  It  may  be 
added  that  this  ditch  will  be  in  line  to  receive  drainage  from  the  city 
of  Fresno,  as  well  as  from  the  district. 

The  drains  for  the  district  will  consist  of  eight  parallel,  open  drains, 
one-half  mile  apart,  extending  from  the  eastern  boundary  of  the  dis- 
trict directly  west  to  the  intercepting  drain.  They  will  have  an  aver- 
age grade  of  5  feet  per  mile;  will  be  from  5  to  8  feet  deep,  4  feet  wide 
on  the  bottom,  side  slope  of  1  to  1,  and  not  less  than  20  feet  wide 
across  the  top.  They  will  be  constructed  on  one  side  of  the  avenues 
or  roads,  the  excavated  earth  being  thrown  into  the  road  and  made 
into  an  embankment  next  to  the  property  line.  Where  the  ditches 
cross  roads',  bridges  must  be  built;  where  they  intersect  irrigating 
canals,  drains  may  be  carried  underneath  by  boxing  or  sewer  pipe; 
where  they  come  in  front  of  and  cut  off  entrance  to  private  property, 
bridges  must  be  built  or  the  drain  must  be  boxed  and  covered.  Where 
the  ditches  cross  railroad  lines,  large  cast-iron  culvert  pipes  may  be 
used.  All  of  these  must  be  provided  for  as  well  as  the  cost  of  right 
of  way,  where  the  ditches  do  not  follow  roads. 

The  carrying  out  of  this  plan  will  involve  the  construction  of  8  miles 
of  intercepting  outlet  ditch  and  65i  miles  of  interior  or  lateral  ditches. 
The  estimate  of  the  cost  of  this  work,  including  bridges,  right  of  way 
where  public  roads  do  not  exist,  organizing,  legal  and  other  expenses, 
may  be  stated  as  follows: 

Estimate  for  open  drains. 

INTKRCKPTING    OUTLET. 

6  miles  of  ditches,  bottom  width  12  feet,  depth  7  feet,  25,977 
cu})ic  yards  per  mile,  at  15  cents |23, 379 

1  mile  of  ditch,  bottom  width  12  feet,  depth  5  feet,  16,579  cubic 
yards,  at  10  cents 1, 658 

1  mile  of  ditch,  bottom  width  12  feet,  depth  3  feet,  8,817  cubic 
yards,  at  10  cents 882 

25,919 
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LATERAL   DRAINH    (E8TIMATK   P£R   MILB). 

Average  deptli  7  feet,  bottom  4  feet,  side  slopes  1  to  1,  15,048 

cubic  yaixls,  at  15  cents $2, 257 

2  highway  bridges,  at  $75 150 

6  farm  entrance  bridges,  at  $50 300 

2,707 

Intercepting  outlet 25, 919 

65.5  miles  laterab*,  at  $2,707 177,308 

23  boxed  crossings  for  irrigation  canals,  at  $50 1, 150 

Railroad-iron  pipe  culverts. 6, 500 

Rightof  way,  23.75acres,  at$150 3,563 

214, 440 
Organization,  engineering,  superintendence,  etc.,  10  per  c^nt ..     21,444 

Total. 235,884 

The  area  which  can  be  drained  by  the  open-drain  system  here  esti- 
mated is  approximately  20,000  acres,  makinfsf  the  average  cost  per 
acre  $11.80. 

The  construction  difficulties  which  will  be  encountered  in  the  execu- 
tion  of  this  plan  are  of  a  somewhat  uncertain  nature.  It  will  be  neces- 
sary to  make  the  excavations  during  the  fall  and  early  winter  when 
the  soil  water  is  at  its  lowest  stage.  The  intercepting  ditch  can  proba- 
bly be  constructed  with  a  floating  dredge  more  expeditiously  and 
cheaply  than  by  any  other  method,  for  the  reason  that  sufficient  water 
will  likely  be  developed  for  floating  the  machine,  in  which  case  the 
work  can  be  done  at  any  season  of  the  ^^ear.  The  parallel  ditches  can 
probably  be  made  either  wholly  or  in  part  by  dry-land  machines.  A 
part  of  this  work,  however,  will  consist  of  the  proper  placing  of  the 
excavated  earth  in  the  form  of  road  embankments.  Hardpan  will  be 
b>rt  undetermined  factor  in  the  work,  as  will  also  spots  of  water-bearing 
soil  or  quicksand. 

The  careful  cleaning  and  care  of  these  ditches  will  be  essential  to 
their  efficiency,  for  they  must  be  kept  clear  and  in  condition  to  permit 
a  ready  flow  of  water  over  the  l)ottom  at  all  times.  The  loose  charac- 
ter of  the  soil  and  the  rapid  growth  of  vegetation  will  make  this  a  work 
re(iuiring  constant  vigilance. 

FLAN  NO.  2.— COVEBED  OB  TTLE-DBAIN  STSTEM. 

The  tile-drain  system  will  not  require  the  open  intercepting  drain  as 
an  outlet.  For  this  system  the  territory  is  divided  into  18  subdistricts, 
averaging  in  size  from  800  to  1,700  acres.  Lines  of  tile  ranging  from 
8  inches  to  22  inches  in  diameter  are  laid  in  parallel  lines  along  the 
avenues,  corresponding  to  the  S3'stem  described  for  open  ditches. 
The  ditches  do  not  cross  irrigation  canals  except  in  a  few  instances. 
The  discharge  from  the  drains  is  received  in  a  sump  located  near  a 
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canal,  and  is  then  lifted  into  it  by  a  suitable  pump  operated  bj  an 
oil  engine.  The  quantity  of  water  which  the  drains  are  designed  to 
carry  and  the  pumps  to  lift  is  2^  cubic  feet  per  second  for  each  square 
mile.  The  drains  will  be  laid  7  feet  deep,  their  size  being  proportioned 
to  the  area  which  may  be  drained  into  the  separate  lines.  For  the 
purpose  of  making  the  drains  accessible,  so  that  they  may  be  kept 
free  from  silt  and  roots,  manholes  constructed  of  redwood  lumber,  2^ 
by  4  feet,  reaching  18  inches  below  the  flow  line  of  the  drain,  are 
placed  at  intervals  of  400  or  500  feet.  The  necessity  for  this  provision 
is  quite  apparent  from  an  inspection  of  tile  drains  which  have  been  laid 
in  the  vicinity.  Local  experience  is  that,  if  the  drains  be  laid  16  feet 
distant  from  a  line  of  trees  or  vines,  but  little  difficulty  from  roots 
entering  drains  is  found.  But  this  condition  can  not  be  met  in  this 
system  of  drains,  so  that  it  will  be  necessary  to  make  ample  provision 
for  the  constant  scouring  of  the  drains.  They  should  be  laid  upon 
a  board  bed,  and  provision  has  been  made  for  this  in  the  estimate. 
No  provision  is  made  in  the  estimate  for  the  purchase  of  right  of  way 
for  di*ains,  since  any  inconvenience  or  loss  resulting  to  land  during 
construction  will  be  more  than  compensated  for  by  reason  of  the 
proximity  of  the  drains  to  the  fields  of  the  owners  who  will  be  incon- 
venienced. 

ESTIMATE   OF   COST. 

The  newness  of  this  class  of  work  here  and  the  difficulty  of  getting 
at  the  probable  prices  at  which  large  drain  tile  can  be  obtained  give  an 
uncertainty  to  the  estimate  for  this  plan.  In  this  estimate  the  cost  of 
pumping  plant,  manholes,  material,  labor,  organization,  legal  fees, 
engineering,  and  superintendence  have  been  provided  for;  also,  a 
liberal  price  has  been  allowed  for  excavation  because  of  the  unknown 
part  which  hardpan  and  caving  soil  will  play  in  the  construction  work. 

The  following  units  of  cost  have  been  used  in  making  the  estimate 
of  the  cost  of  the  execution  of  Plan  No.  2: 


Cost  of  die  draim  pet 

'  liriealfooL 

Size  of  tile. 

8-inch. 

10-inch. 

Cents. 
224 

20J 

12-inch. 

14-inch.  \  IWnch. 

18-inch. 

20-inch. 

22-lnch. 

CoHt  of  tile  at  Fresno 

other  costs 

Cents. 
134 
19i 

CetitM. 
27 

21i 

Cents.       Cents. 
40             60 
23i           28} 

Cents. 
60 
251 

Onto. 
70 
294 

CenU, 
85 
S3 

Total 

321 

421 

m 

63i            73} 

851 

994 

118 

Cost  of  manholes,  estimated  at  1^  cents  per  lineal  foot  drain;  sumps 
at  pumping  stations,  $90  each;  pumping  plants,  $1,200  for  the  smaller 
and  $1,600  for  the  larger  subdistricts.  To  the  total  cost  of  construc- 
tion 5  per  cent  is  added  to  cover  incidental  expenses,  such  as  organi- 
zation, engineering,  etc.,  which  can  not  be  itemized  but  which  are  a 
legitimate  and  necessary  part  of  the  cost  of  the  completed  work. 
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The  following  is  an  estimate  of  the  cost  of  Plan  No.  2  by  districts: 

Cost  of  tile  system  by  dishicts. 


District  number. 

Number 
of  acres. 

Cost  per 
acre. 

Total  cost 
per  district. 

1 

1,011 

1,331 

800 

787 

576 

700 

442 

1,123 

1,241 

928 

1,754 

973 

928 

1,030 

947 

745 

1,203 

1,840 

$14.45 
15.29 
13.11 
13.26 
14.94 
12.61 
14.51 
12.86 
14.95 
12.38 
16.77 
13.36 
13.67 
14.86 
14.18 
15.25 
14.00 
15.00 

814,606.95 
20.350.99 
10,488.00 
10,435.62 
8,605.44 
8,827.00 
6,413.42 
14,441.78 
18,552.95 
11.488.64 
27,660.58 
12,999.28 
12,785.76 
14,790.80 
13,428.46 
11,361.25 
16,842.00 
27,600.00 

2 

3 

4 

6 

6    

7 

8         

9 

10           

11 

12           

13 

14      

15 

16 

17 

18 

Total 

18,359 

261,680.92 

Average  cost  per  acre  by  districts,  $14.11. 

Under  this  plan  the  subdistricts  are  designed  and  estimated  as  units, 
and  the  cost  per  acre  of  the  territory  included  in  each  does  not  in  any  way 
depend  upon  that  of  an  adjoining  subdistrict.  Striking  an  average  for 
the  whole  district  the  cost  per  acre  is  estimated  at  $14.25.  In  this  sys- 
tem all  drains  are  of  tile  and  labor  and  material  are  estimated  at  present 
quotations.  While  the  cost  varies  somewhat  for  the  different  subdis- 
tricts, this  may  be  regarded  as  a  fairly  accurate  estimate  under  existing 
prices.  There  will  be  approximately  60  miles  of  drains,  making  it  a 
work  of  such  magnitude  that  it  will  enlist  the  best  efforts  of  conti-act- 
ors.  Each  separate  subdistrict  will  require  from  10,000  to  31,000  feet 
of  drain  tile,  ranging  from  8  to  22  inches  in  diameter.  With  respect  to 
the  estimates  of  the  cost  of  either  plan,  it  should  be  said  that  a  more 
minute  canvass  and  examination  of  all  the  details  will  probably  result 
in  a  reduction  of  the  estimate.  It  is  believed  that  the  tile  system  can 
be  constructed  for  from  10  to  20  per  cent  less  than  this  estimate,  making 
the  probable  cost  from  $11.30  to  $12.70  per  acre.  In  consideration 
of  work  for  which  no  local  price  is  established  it  is  difficult  to  make 
a  close  estimate  of  cost,  as  market  and  labor  conditions  may  be  essen- 
tially different  when  the  time  comes  for  the  letting  of  contracts. 

COMPAKISON  OF  THE  TWO  PLANS. 

Plan  No.  1  disposes  of  water  by  gravity  into  a  large  intercepting 
outlet  constructed  for  the  purpose  which  will  discharge  the  water  into 
the  flat  leading  into  the  Fresno  Slough.  Plan  No.  2  gathers  water  into 
sumps  at  convenient  points  by  means  of  tile  drains  and  discharges  it 
by  suitable  pumps  into  existing  irrigation  canals.  In  both  instances 
the  lowering  of  the  soil  water  is  to  be  accomplished  by  parallel  drains, 
one-half  mile  apart  and  from  5  to  8  feet  deep.     In  the  former  plan 
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land  will  be  taken  up  by  open  ditches,  and  they  must  be  crossed  by 
irrigation  canals,  public  and  private  roads,  and  railroads,  and  provision 
must  be  made  for  constant  repairs  and  cleaning.  In  the  latter  plan 
no  land  need  be  provided  nor  bridges  built  and  maintained,  but  ample 
provision  must  be  made  for  scouring  the  drains  and  for  operating  the 
pimips.  This  expense,  where  several  subdistricts  are  operated  under 
one  management,  may  be  placed  at  25  cents  per  acre  annually.  In 
Plan  No.  1  the  work  should  be  organized  and  executed  as  a  unit  and 
possesses  the  advantage  that  each  drain  may  be  extended  farther  east 
and  be  made  available  for  an  extension  of  territory  at  any  time  the 
people  may  so  desire.  In  Plan  No.  2  as  many  subdistricts  may  be 
formed  into  one  district  as  desired  and  the  work  of  each  subdistrict  be 
complete  in  itself.  The  difference  in  the  cost  of  the  work  under  the 
two  plans  as  estimated  is  not  enough  to  enter  seriously  into  the  dis- 
cussion of  the  plans,  but  as  far  as  cheapness  is  concerned  the  chances 
are  in  favor  of  the  second. 

EFFICIENCY. 

There  seems  to  be  no  evidence  to  show  that  either  open  or  closed 
dmins  will  fail  to  lower  the  water  in  seeped  soils.  Experience  in 
Colorado  with  both  kinds  of  drains  is  satisfactory  in  that  respect. 
Observations  upon  the  water  line,  made  in  March,  1903,  for  a  distance 
of  3.5  miles  along  Fruit  avenue  indicate  that  the  rise  is  mainly  uniform 
at  different  points  and  that,  while  these  points  do  not  form  a  straight 
line,  they  readily  show  that,  if  drains  were  placed  at  the  one-half-mile 
lines  as  directed  in  the  plans  described,  the  water  line  >vould  lower 
between  them  with  as  great  uniformity  as  it  now  rises  when  there  is 
no  drainage.  It  may  be  said  regarding  the  open-drain  system  that 
the  ditches  are  made  large,  not  because  it  is  expected  that  the  drainage 
to  be  provided  for  will  require  their  full  capacity,  but  for  reasons  of 
construction  and  maintenance.  They  can  not  be  kept  open  unless  they 
have  sufficient  bottom  width  to  permit  workmen  to  clean  them  readily, 
and  further,  ample  bottom  width  will  give  room  for  some  temporary 
obstructions  caused  by  crumbling  sides,  without  wholly  obstructing 
the  ditches.  For  this  reason  there  will  be  but  slight  risk  of  over- 
charging the  ditches.  The  capacity  of  the  tile  system  will  be  limited 
to  the  amount  of  drainage  which  it  is  computed  to  carry,  which  is,  as 
before  stated,  2.5  cubic  feet  per  second  for  each  square  mile. 

The  data  secured  in  1902  from  which  this  amount  of  drainage  was 
determined  were  meager  and  unsatisfactory  in  character.  Investiga- 
tions were  continued  during  the  season  of  1903.  For  the  purpose  of 
securing  more  reliable  knowledge  of  the  quantity  of  water  that  should 
be  removed  from  the  soil  in  order  to  prevent  the  water  table  or  plstne 
of  free  water  from  rising  nearer  than  5  feet  to  the  surface,  small  wells 
were  sunk  about  8  feet  deep  on  Fruit  avenue,  beginning  at  Church 
avenue  and  continuing  south  at  intervals  of  one-half  mile  for  a  total 
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distance  of  3  miles.  This  line  of  wells,  seven  in  number,  crossed  four 
distributing  canals,  so  that  the  water  line  as  determined  by  consecutive 
measurements  made  from  the  tops  of  the  several  well  boxes  would 
represent  similar  conditions  in  other  parts  of  the  district.  Levels 
were  taken  to  determine  the  elevations  of  the  surface  and  of  the  tops 


Fio.  1.— Profile  of  ground  water,  Fresno,  Cal. 

of  the  well  boxes,  so  that  a  proper  representative  profile  could  l>e 
made.  Measurements  of  the  height  of  free  water  in  the  wells  were 
made  weekly,  except  during  the  first  month,  beginning  with  Februar}^ 
28  and  ending  with  June  30.  These,  when  platted  for  the  monthly 
variation  (fief.  1),  show  the  total  rise  for  each  month,  and,  when  tabu- 
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lated,  show  the  weekly  fluctuations  of  the  ground  water,  lK)th  of  which 
particulars  are  useful  in  determining  the  quantity  of  water  that  should 
be  removed  each  day  in  order  to  maintain  its  proper  level  in  the  soil. 
These  measurements  show  several  significant  facts,  among  which  may 
be  enumerated: 

(1)  On  February  28,  the  time  at  which  the  first  measurement  wa^ 
taken,  the  water  was  4  feet  from  the  surface  at  the  north  end  and  6  feet 
from  the  surface  at  the  south  end,  a  line  connecting  the  water  height- 
in  the  several  wells  being  reasonably  uniform. 

(2)  The  canals  crossed  by  the  line  of  wells  did  not  appear  to  affnt 
the  general  imiformity  of  the  ground  water  line. 

(3)  The  average  rise  of  water  from  February  28  to  March  30  wa>i>..' 
inch  per  day,  thcvmaximum  average  daily  rise  in  any  one  well  being  *'.^' 
inch. 

(4)  The  greatest  average  daily  rise  for  any  week  between  March  ;>" 
and  April  25  in  any  one  well  was  0.5  inch,  and  between  April  25unii 
May  23  the  greatest  average  daily  rise  for  one  week  was  0.38  inch. 

(5)  From  May  23  to  June  27  the  water  line  fluctuated  within  narrow 
limits,  remaining  from  24  to  36  inches  from  the  surface. 

(6)  The  greatest  rise  of  water  during  the  season  after  Februar}'  'J^ 
was  40  inches,  and  the  water  line  rose  to  within  24  inches  of  th» 
surface. 

The  question  of  how  much  water  must  be  removed  from  the  H».i 
daily  in  order  to  maintain  the  free  water  of  the  soil  at  the  depth  a: 
which  it  was  when  the  first  measurement  was  made  will  depend  up'" 
the  interspace  between  the  soil  particles  and  the  quantity  of  capillan 
water  which  should  be  letained  to  furnish  the  proper  moisture.  Th- 
interspace  of  volcanic  ash  soils,  as  determined  during  the  past  year  ^' 
the  California  Experiment  Station,  is  55  per  cent  of  their  volume. 
hygroscopic  water  being  found  to  occupy  11  per  cent  of  the  tota! 
volume.  The  precise  volume  of  space  required  for  capillary  watt  r 
has  not  been  accurately  determined  for  these  soils,  but  may  safeh  '* 
taken  at  25  per  cent.  This  would  leave  the  space  occupied  by  fn^ 
water  at  30  per  cent  of  the  entire  volume  of  the  soil,  so  that  1  inch"' 
rise  in  the  water  line  represents  0.3  inch  of  water  more  than  is  require' 
to  furnish  the  desired  amount  of  moisture. 

The  drainage  required  for  the  soil  along  the  line  of  the  seven  wel.* 
before  descril>ed,  as  deduced  from  the  measurements  made,  may  '» 
stated  as  follows: 

The  daily  rise  of  ground  water  between  February  28  and  Manh  '- 
30  days,  was  0.5  inch,  the  daily  drainage  required,  0.15  inch. 

March  30  to  April  25,  26  days,  average  daily  rise  of  0.28  inch,djii. 
drainage  required,  0.08  inch. 

April  25  to  May  23,  28  days,  average  daily  rise  of  0.08  inch,  da^ 
drainage  required,  0.02  inch. 
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From  May  25  to  June  20  the  total  variations  in  the  wells  showed  a 
fall  of  the  water  line  except  in  one  instance. 

In  the  plans  for  drainage  submitted  in  Circular  No.  50,  issued  in 
May,  1903,  by  the  Office  of  Experiment  Stations  and  the  California 
Experiment  Station,  the  main  drains  were  proportioned  to  carry  2.5 
cubic  feet  of  water  per  second  for  each  square  mile,  or  0.093  inch  in 
depth  of  water  in  24  hours.  Considering  the  averages  of  rise  of  water 
line  as  shown  by  the  measurements,  the  drainage  provided  will  fall 
short  0.06  inch  per  day  of  removing  the  full  amount  of  water  for  the 
first  month.  For  the  second  month  the  drainage  would  gain  0.01  inch 
per  day,  and  for  the  third  month  the  drainage  would  gain  0.07  inch 
per  day.  At  the  end  of  the  third  month,  dminage  having  continued, 
the  water  table  would  occupy  the  original  position,  provided  there  was 
sufficient  free  passage  of  water  in  the  soil,  either  by  natural  or  arti- 
ficial means,  to  permit  it  to  reach  the  main  drainage.  After  the  month 
of  May  the  quantity  of  drainage  will  be  slight,  though  it  is  reasonalile 
to  infer  that  it  will  be  considerably  greater  than  is  indicated  by  the 
measurements,  since,  if  the  soil  water  is  maintained  at  a  low  level,  a 
greater  quantity  of  water  will  be  used  in  irrigation  and  the  supply  for 
the  drains  will  be  more  constant. 

These  measurements  show  that  the  water  of  the  soil  brought  to  it 
by  either  seepage  or  direct  irrigation  distributes  itself  quite  evenly,  but 
accumulates  more  rapidly  in  lower  levels  under  conditions  now  prevail- 
ing. If,  however,  drains  should  be  disposed  uniformly  through  the 
land,  this  would  not  be  the  case,  but  each  drain  would  receive  an 
approximately  equal  share  of  drainage.  However,  drains  at  the  foot 
of  a  slope,  such  as  we  have  in  the  position  of  well  No.  1  in  the  profile, 
would  be  called  upon  to  carry  a  greater  amount  of  water  than  others 
more  distant  from  the  slope.  It  is  probable  that  soil  water  is  deflected 
by  layers  of  hardpan,  which  will  cause  its  concentration  in  some  locali- 
ties, so  that  the  drains  will  not  be  taxed  uniformly.  Drainage  will  be 
more  urgently  needed  during  the  months  of  March,  April,  and  May 
than  during  any  other  part  of  the  year.  It  does  not  seem  probable 
that  much  drainage  will  be  required  after  the  middle  of  June. 

The  bearing  which  these  deductions  have  upon  the  utility  of  the 
drainage  plan  proposed  is  important.  The  capacity  of  the  drain  tile 
designated  for  mains  on  the  half-mile  lines  will  be  slightly  overtaxed 
during  the  first  month  and  a  half  of  the  season,  but  the  approximate 
rise  of  6  inches  in  the  water  line  will  not  be  sufficient  to  bring  it  nearer 
to  the  surface  than  5  feet,  while  during  the  remainder  of  the  season 
the  capacity  of  the  drains  will  be  ample. 

The  manner  of  disposing  of  the  water  collected  by  the  main  drains 
that  would  first  suggest  itself  would  be  to  continue  the  lines  of  tile  due 
west,  diminishing  their  grade  after  they  pass  the  west  line  of  the  pro- 
posed district  until  the  drains  could  be  discharged  on  the  surf ac^e  of  the 
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plain.  This  would  require  a  length  of  11  miles  for  some  of  the  drains. 
The  drains  elaborated  in  the  plan  do  not,  as  a  rule,  exceed  2i  miles  in 
length,  and  the  largest  pipes  are  20  and  22  inches  in  diameter,  the 
smallest  being  8  inches  in  diameter.  Since  these  will  be  somewhat 
overtaxed  during  the  early  part  of  the  season  through  removing  a  suf- 
ficient quantity,  as  nearly  as  can  be  estimated,  to  accomplish  satisfac- 
tory drainage,  any  plan  of  extending  the  drains  to  a  length  three  or 
more  times  that  indicated  would,  if  carried  out,  be  attended  with  dis- 
appointing results,  unless  the  sizes  should  be  proportionately  increased. 
It  will  not  be  practicable  to  use  pipes  larger  than  20  inches  in  diame- 
ter in  this  locality  on  account  of  their  cost.  The  effect  of  extending 
pipe  drains  l^eyond  the  limits  of  their  capacity  is  to  drain  the  land  at 
the  head  of  the  system  at  the  expense  of  the  lower — to  concenti^ate 
water  at  points  where  the  drains  are  of  insufficient  capacity,  which  for 
lack  of  outlets  will  be  forced  into  the  soil  and  saturate  it,  thus  defeat- 
ing the  object  for  which  the  drains  were  constructed.  The  drains 
should  not  flow  under  pressure  for  the  reason  that  the  soil  and  drains 
should  at  all  times  be  in  a  condition  to  receive  surplus  water. 

Such  facts  as  could  be  gathered  relating  to  this  phase  of  the  prob- 
lem received  careful  consideration  at  the  time  the  plans  for  the  drain- 
age of  the  Fresno  district  were  formed.  The  further  investigations 
herein  described,  made  to  determine  with  greater  accuracy  the  quantity 
of  drainage  water  that  should  be  removed,  clearly  show  that,  if  tiles 
are  to  be  used  for  the  main  drains,  the  lines  can  not  be  safely  made 
longer  than  shown  on  the  plans.  The  drains  must  either  discharge 
into  sumps  and  the  water  be  pumped  into  the  canals  or  shallow  surface 
ditches,  or  into  deep  open  ditches  constructed  for  the  purpose. 

The  readiness  with  which  soil  water  distributes  itself  and  maintains 
its  level  in  the  Fresno  soil,  as  shown  by  the  investigations  herein 
described,  indicates  that,  if  the  land  is  kept  in  a  drained  condition  at  the 
depth  proposed,  much  of  the  alkali  now  concentrated  near  the  surface 
may  be  redistributed  throughout  the  soil  above  the  drains  as  well  as 
removed  by  drainage  water. 

USE  OF  DRAINAGE  WATEB. 

The  water  which  will  be  developed  by  any  drainage  system  may  be 
used  for  irrigation,  whether  delivered  to  a  ditch  provided  especially 
for  the  purpose  or  mingled  with  the  water  in  the  irrigation  canals. 
From  the  information  thus  far  obtained  it  is  believed  that  in  this 
region  such  water  may  be  safely  used  for  irrigation. 

BBAJNAGE  OF  SMALL  TRACTS. 

By  using  the  tile-drain  plan  owners  of  one  or  more  farms  can  put 
in  a  system  of  drains  adapted  to  their  special  needs.  It  may  not  be 
possible  to  obtain  the  cooperation  of  a  large  number  of  owners  so  as 
to  prosecute  the  work  in  a  comprehensive  way  in  accordance  with  the 
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provisions  of  the  drainage  law  enacted  in  1903.  Failing  to  eflfect  aii 
organization  under  the  law,  there  is  nothing  to  prevent  such  owners 
as  may  be  able  to  unite  from  draining  their  lands  on  the  same  general 
plan.  In  many  instances  the  expense  will  be  no  greater  to  each  owner 
than  if  a  large  district  were  organized  and  operated.  If  the  work  can 
be  arranged  for  by  the  mutual  agreement  of  three  or  four  owners,  all 
legal  expense  can  be  avoided. 

A  point  of  outlet  convenient  to  one  of  the  supply  ditches  should  be 
chosen.  A  receiving  sump  or  pit  8  by  8  feet  and' about  9  feet  deep 
should  be  made,  curbed  with  2-inch  plank  set  vertically  and  held  in 
plac»e  by  four  rows  of  4  by  4  inch  ribs  set  aroun^  the  pit  on  the  inside. 
A  main  drain  can  be  laid  from  the  pit  through  the  field  in  such  a  way 
as  to  reach  the  land  it  is  desired  to  drain.  If  the  location  of  this  drain 
can  be  chosen  25  feet  from  vines  or  trees  the  liability  of  the  drains  to 
become  clogged  by  roots  will  be  greatly  lessened.  The  addition  of 
manholes  and  provision  for  cleaning  the  drain  as  previously  suggested 
should  not  be  neglected  in  an}'^  farm  system.  A  small  gas  engine  and 
pump,  the  required  capacity  of  which  will  depend  upon  the  area 
included  in  the  tract,  should  be  used  to  lift  the  water  from  the  sump 
to  the  surface  ditch. 

A  main  drain  8  inches  in  diameter  will  afford  an  outlet  for  80  or 
possibly  100  acres.  It  is  quite  probable,  however,  that  water  from 
outside  the  limits  of  the  tract  provided  for  will  increase  the  supply  by 
an  amount  which  can  not  be  determined  in  advance.  The  estimated 
quantity  of  drainage  from  100  acres  is  240  gallons  per  minute.  The 
design  of  any  farm  system  must  be  adapted  to  the  particular  tract  for 
which  drainage  is  to  be  provided,  taken  in  connection  with  its  sur- 
roundings, in  order  to  be  economical  and  effective. 

SX7MMAST. 

The  system  of  small  districts  using  drain  tile  as  outlets  and  pumping 
plants  to  nxise  drainage  water  into  the  canals  seems  best  suited  to  the 
conditions  which  prevail.  It  is  adapted  to  any  work  desired,  will 
require  no  sacrifice  of  land,  cause  no  inconvenience  to  travel  or  in  the 
cultivation  of  fields,  and  will  not  disfigure  the  highly  cultivated  land. 
These  features  commend  it  for  an  area  of  land  divided  as  this  is  into 
small  holdings,  all  of  which  are  capable  of  producing  crops  of  high 
value.  The  drainage  of  these  lands  is  practicable,  though  not  without 
difficulties.  The  value  of  the  product  of  the  land,  together  w^ith  its 
desirability  for  homes,  makes  such  improvement  well  worth  its  cost. 
The  land  which  has  suffered  greatest  injury  is  that  which  is  regarded 
most  highly  for  the  cultivation  of  vines.  The  fertility  of  the  soil  is 
unquestioned.  The  use  of  expensive  fertilizers  will  not  be  required. 
No  serious  disadvantage  attends  the  cultivation  of  this  vineyard  soil 
except  its  lack  of  drainage.     While  this  difficulty  was  unlooked  for 
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when  the  land  was  first  improved  it  is  not  one  which  may  not  be 
overcome,  nor  will  the  expense  for  the  necessary  work  be  greater  than 
has  been  incurred  for  similar  improvements  elsewhere  on  land  much 
less  valuable  which  is  now  considered  by  the  owners  a  most  profitable 
and  satisfactory  investment. 

DEAHTAGE  HrVESTIGATIONS  KEAE  SXTirHYSIDE,  WASH. 

The  Sunny  side  district  is  a  portion  of  the  Yakima  Valley  situated 
about  35  miles  down  the  river  from  the  town  of  North  Yakima.  It 
receives  its  water  from  the  Sunnyside  Canal,  which  is  owned  and  con- 
trolled by  the  Washington  Irrigation  Company.  The  town  of  Sunny- 
side  is  the  center  of  this  district  and  is  situated  at  the  southern 
extremity  of  Snipes  Mountain,  about  8  miles  from  Mabton,  a  station 
on  the  Northern  Pacific  Railroad  and  on  the  opposite  side  of  the  river 
from  it. 

GENZRAL  DESCBIPTION. 

The  surface  of  much  of  the  land  under  the  Sunnyside  Canal  is  roll- 
ing or  uneven,  abounding  in  quite  steep  slopes  and  correspondingly 
small  valleys  after  it  has  been  prepared  for  the  application  of  water. 
The  soil  is  a  sandy  volcanic  ash,  easily  moved  by  wind  when  dry,  and 
difficult  to  seed,  requiring  an  abundance  of  water  and  no  little  skill  in 
handling  it  in  order  to  secure  good  results. 

The  abundance  of  the  water  supply  and  the  apparent  necessity  for 
its  liberal  use  have  greatly  hastened  the  filling  up  of  the  soil  with  sur- 
plus water.  Wells  in  which  the  water  four  years  ago  stood  at  40  feet 
below  the  surface  are  now  filled  to  within  10  feet  of  the  surface,  show- 
ing that  the  rise  has  been  rapid,  exceeding  the  rate  usually  found  in 
irrigated  lands. 

Man}'  of  the  irrigated  slopes  have  a  surface  descent  of  100  feet  or 
more  per  mile.  All  irrigation  is  applied  in  furrows  2  to  4  feet  apart 
and  not  infrequently  80  rods  or  more  in  length.  Where  the  land  is 
not  graded  to  a  uniform  slope,  that  having  the  lesser  descent  receives 
an  excess  of  water  before  the  steeper  slopes  are  properly  watered. 
This  condition  of  surface  and  method  of  irrigating  require  waste  ditches 
at  the  lower  end  of  the  fields,  or  in  ease  none  is  provided,  ample 
capacity  must  exist  in  the  soil  of  the  lower  lands  for  the  reception  of 
surplus  water. 

The  tract  of  land  toward  which  special  attention  was  directed  is 
shown  upon  the  accompanying  map  (PI.  II),  which  must  be  referred 
to  if  a  clear  understanding  of  the  situation  is  desired.  The  elevation 
figures  there  recorded  and  the  arrows  used  to  indicate  the  direction  of 
the  slope  show  that  the  tract  mapped  is  a  basin,  and  most  of  it  is  under 
cultivation.  The  lower  portions  are  wet,  and  in  many  localities  alkali 
has  acc^umulated  to  an  injurious  oxt^^nt.     From  some  of  the  slopes 
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water  oozes  continually,  furnishing  a  constant  supply  to  the  waste 
ditches  which  have  been  made  through  some  of  the  lower  lands  and  at 
the  same  time  adding  to  the  supply  of  surface  alkali  which  either 
whitens  the  ground  or  in  some  instances  makes  it  bla(;k  and  barren. 
This  saturated  condition  is  not  confined  to  the  lower  end,  but  appears 
at  the  edges  of  the  slopes  and,  according  to  the  best  information  at 
hand,  has  forced  itself  upon  the  attention  of  the  owners  of  land  only 
within  the  last  two  years. 

CAUSES   OF   SATXTBATION. 

The  accumulation  of  surface  water  in  irrigated  lands  ma}'^  result 
from  two  causes.  The  water  may  seep  from  the  supply  canals  and 
find  its  way  into  the  lower  levels  in  varying  quantities,  or  may  come 
from  the  water  used  in  irrigation,  which,  when  applied  in  too  copious 
quantities,  passes  to  a  lower  level  and  saturates  the  soil.  Both  causes 
may  in  some  instances  contribute  to  the  evil. 

For  the  purpose  of  determining  as  far  as  possible  the  position  of 
the  ground  water,  its  fluctuation  in  level,  and  its  source,  20  test  wells 
were  sunk  to  the  water  line  at  selected  points  and  ncasurements  were 
taken  weekly  during  the  season.  Several  of  these  wells  were  placed 
upon  the  outer  border  of  the  land  affected  to  determine  whether  the 
water  came  through  the  soil  from  the  canal  or  from  irrigation  direct. 
Their  locations  are  shown  upon  the  map  (PI.  II)  by  heavy  black  dots. 
For  convenience  the  curbs  or  boxes  used  for  the  wells  were  made  of 
boards  1  inch  thick,  6  inches  wide,  and  6  feet  long.  When  put  together 
each  had  a  sectional  area  4  by  6  inches.  At  some  points  where  the 
wells  were  located  the  soil  was  in  such  a  semifluid  condition  that  holes 
could  not  be  made  with  the  shovel  to  receive  the  full  length  of  the 
curb.  The  wells  were,  as  a  rule,  placed  at  the  foot  of  slopes  or  at 
the  upper  borders  of  strips  of  land  which  showed  the  effect^  of  satura- 
tion when  the  wells  were  located.  The  measurements  taken  during 
the  season  beginning  with  May  16,  1903,  have  been  platted  and  the 
following  conclusions  are  deduced: 

(1)  The  land  in  which  the  water  table  is  3  feet  or  less  from  the  sur- 
face is  seriously  injured  l)y  water  or  alkali,  or  both. 

(2)  Land  in  which  the  water  table  is  4.5  feet  below  the  surface  shows 
no  serious  injury. 

(3)  When  no  irrigation  water  was  applied  in  the  fields  where  the 
wells  were  located  the  water  table  dropped  at  the  mte  of  0.5  inch  to 
1  inch  per  day  until  the  adjoining  fields  were  irrigated,  when  the  water 
table  rose  at  the  rate  of  from  13  to  19  inches  in  3  days. 

(4)  A  close  study  of  the  fluctuations  of  the  water  levels  in  the  wells 
shows  that  on  the  east  side  of  the  tract  they  are  due  to  local  causes; 
that  is,  to  irrigation  pnu*ticed  in  the  vicinity  of  the  wells.  On  the 
west  side  the  underground  supply  is  more  constant.     The  seepage 
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from  land  on  the  west  and  northwest  contributes  a  larger  and  more 
equal  flow  by  i*eason  of  the  more  extended  area  which  slopes  toward 
the  central  channel.  The  facts  which  the  series  of  wells  and  their 
measurements  establish  for  this  locality  are  these:  The  quantity  of 
surplus  water  finding  its  way  into  the  lower  levels  at  any  one  time 
depends  upon  the  amount  of  waste  from  more  elevated  irrigated  lands. 
The  regularity  of  drainage  flow  from  any  locality  varies  with  the  area 
of  land  which  slopes  toward  it.  The  rapidity  of  rise  and  fall  of 
ground  wati^r  in  any  locality  requiring  drainage  depends  upon  the 
steepness  of  the  surface  slopes  and,  in  some  cases,  upon  the  position  of 
the  hardpan. 

(5)  No  wati^r  could  be  detected  coming  from  the  supply  canal,  as 
the  water  in  the  wells  located  on  the  cast  border  of  the  tract  con- 
stantly declined  except  when  land  situated  upon  higher  levels  was 
irrigated. 

In  one  instance,  in  tHc  case  of  land  of  H.  B.  Stewart,  the  continual 
stead}'  rise  of  water,  2.5  inches  i>er  week,  gave  reason  to  suppose  that 
the  'SS'"  lateral,  which  practically  encircles  this  land  and  is  located  on 
the  ridge  above  it,  contributed  to  the  saturation  by  leakage,  but 
mojisurements  of  the  flow  of  the  lateral  showed  no  losses.  All  inves- 
tigsitions  so  far  indicate  that  the  excess  of  water  comes  from  irrigation. 
A  casual  observation  of  some  of  the  fields  which  were  undergoing 
irrigation  strengthens  this  opinion. 

A  rough  measurement  of  water  wasting  from  a  25-acre  field  of  alfalfa 
nearly  grown  showed  that  0.25  cubic  foot  per  second  was  running 
away  in  the  waste  ditch  below  the  field  (PI.  Ill,  fig.  1).  Another 
strip  of  land  80  rods  long  and  8  rods  wide,  containing  about  4  acres, 
gave  a  surface  run-off  of  0.15  cubic  foot  per  second.  The  waste 
and  drainage  ditch  passing  south  along  the  road  by  land  of  C.  H. 
Stanton,  when  measured  May  18,  was  dischargmg  8.38  cubic  feet  per 
second.  This  included  waste,  drainage,  and  overflow  which  at  thai 
time  found  its  way  to  that  point  from  the  tract  of  land  shown  upon 
the  map. 

It  is  fair  to  conclude  that  as  much  water  flows  away  from  the  tract 
under  consideration  as  is  necessary  for  the  proper  irrigation  thereof: 
that  is,  half  of  the  water  applied  runs  away  as  waste.  This  excess  ha-^ 
water-logged  the  lower  lands  and  produced  the  condition  in  which 
they  are  now  found. 

Another  cause  which  produced  an  immediate  effect,  and  completed 
the  filling  up  of  a  portion  of  the  soil  at  least,  was  the  water  thrown 
upon  the  land  by  the  breaking  of  the  main  canal  at  the  north  end  of  the 
tract.  It  is  stated  that  at  other  times  waste  from  the  main  canal  has 
been  allowed  to  accumulate  on  the  northwest  quarter  of  sec.  29.  All 
of  these  causes  have  had  something  to  do  in  producing  the  evil  which 
is  now  forced  upon  our  attention. 
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Fig.  1.— Waste  Water  from  a  25-acre  Irrigated  Field,  Sunnyside,  Wash, 


Fig.  2. -Swamp  and  Alkali  Land,  Burlington,  Wyo. 
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HABDPAN. 

The  fact  that  hardpan  exists  in  some  localities  and  has  something  to 
do  with  the  direction  and  distribution  of  water  in  the  soil  should  not 
be  overlooked.  It  is  often  found  2  feet  below  the  surface  and  then 
again  at  4  feet.  When  it  is  dry  it  is  hard,  but  softens  by  saturation, 
so  that  in  wet  soils  it  gives  but  little  trouble.  It  is  not  persistent,  but 
occurs  at  irregular  intervals  in  the  ground.  In  composition  it  contains 
the  same  elements  as  soil,  but  the  soluble  solids  form  a  larger  per- 
centage than  they  do  in  ordinary  soil.  The  following  analyses  show 
the  difference  between  it  and  a  sample  of  soil  taken  at  the  same  depth: 

Comparative  analyses  of  hardpan  and  soil. 


Composition. 


Total  soluble  solids 

Calcium  sulphate  (gypsum) 

Magnesium  sulphate  (Epsom  salt) 
Sodium  carbonate  (black  alkali)  . 
Sodium  chlorid  (common  salt)  . . . 
Sodium  sulphate  (Glauber's  salt)  . 


It  may  be  safely  inferred  that  as  this  hardpan  dissolves  in  water  it 
will  add  to  the  alkali  content  of  the  soil,  especially  in  sodium  sulphate 
or  white  alkali.  The  percentage  of  sodium  carbonate  or  black  alkali 
is  less  in  the  hardpan  than  it  is  in  the  soil.  When  it  has  been  exposed 
to  the  weather  a  short  time  it  is  resolved  into  a  substance  which  resem- 
bles volcanic  ash.  It  is  probable  that  hardpan  deflects  the  water  as  it 
passes  through  the  soil  and  prevents  it  for  the  time  being  from  getting 
down  into  the  subsoil.  It  should  be  observed,  however,  that  water  is 
usually  found  below  as  well  as  above  this  layer  in  wet  lands. 

ATiKALI. 

The  appearance  of  alkali  which  so  commonly  accompanies  saturation 
in  irrigated  soils  is  quite  prominent  in  portions  of  the  land  owned  by 
S.  H.  Miller,  J.  M.  Rhodes,  and  H.  B.  Stewart.  Samples  of  alkali 
and  soil  taken  from  the  farm  of  J.  M.  Rhodes  were  sent  to  the  State 
experiment  station  at  Pullman  for  analysis.  They  fairly  represent 
the  soil  which  is  badly  injured  by  saturation  and  consequent  deposits 
of  alkali  which  are  found  upon  the  surface. 

Description  of  samples. 

[No.  2.  Black  alkali  cn»t  from  surface.    No.  3.  White  alkali  crystals  from  Hurface.    No.  4.  Firat  foot 
of  saturated  soil.    No.  5.  Second  foot  of  saturated  soil.    No.  6.  Third  foot  of  SHturated  Hoil.J 


Composition. 


Total  soluble  solids. 


No.  2. 


Per  cent. 
14. 164 


Calcium  sulphate  (gypsum) 

Magnesium  sulphate  (Epsom  salt) . 
Sodium  carbonate  (black  alkali).. . 

Sodium  chlorid  (common  salt) 

Sodium  sulphate  (Glauber's  salt) . . 


7.105 
1.968 
.128 
1.567 
3.614 


No.  3. 


Per  cent. 
68.472 


2.601 
6.200 
.526 
2.1T2 
61.060 


No.  4. 


Per  cent. 
0.30() 


No.  5. 


Per  cent. 
0.323 


No.  6. 


Per  end. 
0.329 


.100 
Trace. 
.025 
.037 
.144 


.095 
.067 
.033 
.a59 


.055 
.066 
.028 
.067 
.113 
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These  analyses  show  a  more  favorable  condition  of  soil  with  respect 
to  the  alkali  contents  than  its  appearance  would  lead  one  to  expect. 
The  black  coating  found  upon  the  soil  contains  much  less  carbonate 
than  the  white,  the  gypsum  and  Glauber's  salt  being  more  prominent 
than  the  others.  Sample  No.  3,  which  is  found  upon  the  soil  in 
abundant  white  crystals,  is  largely  the  sodium  sulphate,  or  Glauber's 
salt.  There  is  also  a  good  percentage  of  common  salt,  but  the  sodium 
carbonate  forms  only  0.5  per  cent — a  comparatively  small  proportion. 

Samples  4,  5,  and  6  show  that,  aside  from  the  surface  crusts,  the 
soil  does  not  contain  enough  salts  to  prove  injurious  except  when  they 
are  allowed  to  accumulate  near  the  surface.  They  are  present  in  both 
the  soil  and  hardpan  and  are  readily  dissolved  by  cold  water.  If  this 
water  is  permitted  to  come  sufficiently  near  the  surface  to  evaporate 
the  salt  is  deposited  at  the  surface  as  evaporation  takes  place.  This 
occurring  frequently  during  the  season  forms  a  concentrated  crust  of 
alkali,  which  does  the  injury.  Any  covering  that  will  lessen  the 
evaporation  will  retard  the  concentration  of  the  alkali.  Lowering  the 
soil  water  by  drainage  will  prevent  future  trouble  from  alkali  and 
from  winterkilling  of  alfalfa  and  grasses. 

DKAINAGE  AND  ITS  METHODS. 

Accumulation  of  water  is  caused  by  waste  from  irrigated  lands  which 
slope  toward  lower  tracts,  which  become  receptacles  for  the  waste,  and 
arc  injured  as  before  described.  There  is  no  doubt  that  the  waste 
will  be  much  lessened  as  more  careful  methods  of  irrigation  come  into 
use.  The  surface  run-off  may  and  will  in  the  future  be  largely 
decreased.  Owing  to  the  steep  slopes  of  the  land,  however,  there  will 
be  more  or  less  seepage  from  irrigated  land,  which  will  appear  in 
injurious  quantities  at  the  foot  of  the  slopes,  and  must  be  provided  for 
by  artificial  drainage.  Under  present  practice  no  less  than  one-half  of 
the  water  used  on  the  tract  under  consideration  passes  off  as  waste. 
There  are  times  when  7  cubic  feet  per  second  is  discharged  as  waste 
and  must  be  provided  for  by  drainage.  This  may  not  be  an  average 
flow,  as  the  amount  at  any  one  time  depends  upon  the  numl^er  of  acres 
receiving  irrigation  as  well  as  upon  the  character  of  the  land  irrigated. 
Some  adequate  waste  channel  will  be  necessarx'^  to  receive  the  surplus 
water  and  also  some  further  side  drainage. 

The  course  of  the  main  di-ainage,  as  determined  by  the  topography 
of  the  tract,  is  shown  upon  the  map,  and  the  depth  and  grade  of  the 
proposed  drains  are  indicated  upon  the  profiles  which  were  furnished 
to  the  owners.  These  drains  should  be  open,  and  are  so  located  that 
all  surface  water  from  individual  farms  can  be  conducted  to  them. 
The}'  will  serve  also  as  outlets  for  such  lateral  drainage  as  will  here- 
after be  mentioned.     The  main  drain  and  the  line  called  the  "Stewart 
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branch"  will  constitute  the  general  drains  and  will  he  of  use  to  the 
entire  tract,  in  view  of  which  their  cost  should  be  equitablj^  distributed. 

Ditches  are  difficult  to  maintain  in  this  kind  of  soil,  because  it  pos- 
sesses little  clay  and  saturates  easily,  in  which  condition  it  crumbles  so 
readih^  that  the  efficiency  of  a  ditch  with  narrow  bottom  and  light 
grade  is  soon  impaired.  The  ditches  as  laid  out  have  a  minimum 
grade  of  2  inches  to  100  feet.  Their  depths  vary  between  4  and  7  feet. 
Their  bottom  widths  should  be  not  less  than  3  feet,  for  two  reasons: 
(1)  They  will  not  fill  with  sediment  as  quickly  as  those  with  bottoms 
of  less  width,  because  the  running  stream  does  not  scour  the  sides  of 
the  trench  as  it  does  in  narrow  ditches  carrying  an  equal  quantity  of 
water;  (2)  it  is  desirable  that  water  should  not  flow  more  than  1  foot 
deep  in  the  ditches  under  usual  conditions,  in  order  that  the  line  of 
saturation  may  not  be  held  too  high  in  the  soil. 

If  the  excavating  is  done  by  hand  labor  the  side  slope  may  be  as 
steep  as  one-half  to  1  or  6  inches  horizontal  to  1  foot  vertical.  If 
team  work  is  used,  it  is  impracticable  to  make  the  slope  steeper  than 
li  to  1,  The  ditch  from  the  point  where  the  Stewart  branch  joins  to 
the  outlet  should  have  a  bottom  width  of  4  feet  and  side  slopes  of  1  to 
1.  With  these  widths,  water  will  not  flow  more  than  12  inches  deep 
during  the  irrigating  season.  This  is  a  winter  storm-water  ditch  for 
3,000  acres  as  well  as  one  for  summer  drainage  of  the  tract  described. 

Estimating  the  cost  on  a  basis  of  20  cents  per  cubic  yard  for  the 
ditches  having  a  ))ottom  width  of  3  feet  and  side  slopes  of  one-half  to 
1,  and  12  cents  per  cubic  yard  for  the  ditch  having  a  bottom  width  of 
4  feet,  allowing  for  excavation  already  done,  the  cost  of  this  part  of 
the  work  will  be  $2,789.  Ten  per  cent  should  be  added  for  contingen- 
cies, making  the  amount  $3,068.  There  may  be  other  expenses,  such 
as  for  rights  of  way  where  the  ditches  infringe  upon  public  high- 
ways, so  it  will  be  wise  to  place  the  total  estimate  at  $3,500.  Legal 
expenses  in  carrying  out  projects  in  accordance  with  the  provisions  of 
the  State  drainage  law  become  burdensome  in  some  cases,  but  they 
are  often  unavoidable.  Such  expenses  can  not  be  estimated  with 
any  certainty. 

DISPOSAL   OF  WATER. 

The  water  gathered  by  the  system  may  be  discharged  into  the 
present  irrigating  and  waste  ditch  at  a  point  near  where  it  crosses  the 
line  between  the  lands  of  Stanton  and  Hotchkiss.  If  the  ditch  should 
be  enlarged  from  this  point  south,  no  trouble  would  be  experienced 
from  its  overflow  by  reason  of  the  additional  drainage  water.  Small 
individual  waste  ditches  should  be  extended  where  necessary  from  the 
several  farms  to  the  main-drain  ditch  in  such  a  way  that  no  injury  will 
be  done  to  intervening  land. 
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PliANS  FOB  FARM  DBAINAGE. 

The  main  drains  should  be  supplemented  by  individual  underdrains 
for  the  purpose  of  cutting  off  seepage  and  preventing  satumtion  of  the 
lower  slopes  of  irrigated  lands.  The  principles  involved  in  success- 
fully accomplishing  this  are  quite  simple.  With  soil  water  constantly 
passing  from  the  higher  land  into  the  lower,  even  in  small  quantities, 
but  with  a  constant  head,  the  plan  of  constructing  drains  in  land  which 
finally  receives  the  water  is  frequently  not  satisfactor^^  The  practice 
which  should  be  followed  here  is  to  intercept  the  soil  water  upon  the 

slopes  by  means  of  cross  dmins  and  lead 
the  water  to  the  nearest  waste  or  drain 
ditch,  thus  preventing  the  water  which 
flows  down  the  slope  from  reaching 
the  lower  land.  Such  drains  should  be 
located  at  the  upper  edge  of  the  land 

TiTFmd      77i:mr — ij??n7i whcrc   saturation   shows   and   l)e    con- 

FiG.2.-pian  for  protecting:  irrigated  land   tinucd  arouud  or  along  the  slopc  8^  far 

from  seepage,  Sunnyside,  Wash.  i.T_      i       j  i     i  -^  •  j.       w\^  i.i_ 

as  the  land  below  it  is  wet.  Where  the 
entire  20  or  40  acre  tract  is  threatened  with  water  from  the  higher 
slopes,  a  drain  across  the  upper  side  may  intercept  the  water  suflS- 
ciently  to  accomplish  the  desired  results  if  the  sloj^e  l>e  not  too  steep; 
otherwise,  a  second  parallel  drain  may  })e  re(|uired  (tig.  2). 

DKFTHS   AND    KINDS   OF    DRAIN. 

In  a  previous  paragraph  it  was  stated  that  where  the  soil  waUn-  was 
found  4.5  feet  below  the  surface  no  deleterious  effects  upon  grow- 
ing crops  were  noticed,  but  that  at  less  depths  capillary  action  of  the 
soil  brought  too  much  mois- 
ture near  the  surface,  thereby 
producing  an  accumulation  of 
alkali.  Stagnant  soil  water  at 
a  depth  of  2  to  3  feet  had  also 
injured  the  growth  of  alfalfa 
and  other  deep-rooting  crops. 
The  depth  of  drains  through 


Fio.  8.— Section  showing  location  of  underdrains  t  y  in- 
tercept seepage  from  an  irrigated  slope. 


the  land  to  be  improved  should  be  4.5  to  5  feet  to  produce  the  desired 
effect,  })ut  in  passing  to  some  outlet  through  other  ground  which  is 
dry,  less  depth  nm^  of  course  be  used. 

Some  illustrations  accompan}^  this  report  showing  further  general 
methods  of  locating  the  drains.  Probably  the  most  satisfactory  drains 
for  the  purpose,  as  well  as  the  most  available  in  this  localit}^  would  be 
wooden-box  drains  with  open  bottoms.  Such  drains  may  be  made  in 
sections  4  to  16  feet  long,  the  longer  ones  being  preferable  when  they 
can  be  properly  used  (fig.  3). 
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The  grade  upon  which  they  are  laid  should  not  be  sufficient  to  per- 
mit an  underwash  by  the  flowing  water  which  would  disturb  their 
position.  Where  such  grade  is  necessary,  more  crosspieces  should  be 
used  in  the  bottom.  The  earth  should  be  filled  in  the  trench  and 
thoroughly  tamped  so  that  irrigation  water  can  not  readily  find  a 
crevice  and  wash  soil  into  the  drain.  Special  care  should  be  taken  in 
this  regard  and  also  in  irrigating  the  drained  land.  Water  should 
enter  the  drains  from  the  soil  and  not  from  streams  directly  over  the 
drain. 

With  reference  to  the  details  of  this  matter  no  better  advice  can  be 
oflfered  than  this:  Bearing  the  general  principles  well  in  mind,  each 
farmer  should  study  his  own  situation — the  position  of  the  hardpan, 
the  differences  of  soil,  and  the  contour  of  the  land,  all  of  which  have 
an  influence  upon  the  drainage  of  each  individual  tract.  The  indica- 
tions of  seepage  water  must  be  watched  for  closely  and  headed  off  as 
early  as  possible,  for  the  history  of  this  matter  shows  that  the  evil 
will  not  of  itself  leave  the  land,  but  will  increase  rather  than  diminish. 
Better  practice  in  the  use  of  water  will  doubtless  soon  prevail,  but  the 
necessity  for  drainage  of  certain  irrigated  lands  will  always  exist,  so 
that  every  rancher  should  l)e  familiar  with  methods  of  drainage  as 
well  as  irrigation. 

The  State  drainage  laws  provide  a  method  by  which  work  of  this 
chai*acter  can  be  accomplished.  The  expense  of  the  main  trench 
should  be  borne  by  the  owners  of  the  entire  ti-act  benefited.  The 
detail  work  connected  with  the  cut-off  underdrains  and  small  surface 
waste  ditches  should  be  arranged  for  and  the  expense  shared  among  the 
parties  interested,  where  cooperative  work  is  found  advisable.  It  will 
readily  occur  to  those  who  study  these  matters  closely  that  any  effort 
and  money  expended  on  drains  constructed  for  the  protection  of  one 
piece  of  land  will  incidentally  and  necessarily  benefit  another,  so  that 
the  utmost  good  feeling  and  magnanimity  should  be  exercised  by 
adjoining  landowners  in  carrying  out  all  such  improvements. 

ATAirXIM  VALLEY,  WASHIlSrGTOlSr. 

The  Atanum  Valley,  that  beautiful  tract  of  land  about  two  miles 
wide,  situated  on  the  north  side  of  Atanum  Creek,  is  an  ideal  farming 
country  if  judged  by  the  surface  alone.  The  thrifty  sward  of  salt 
grass  and  patches  of  greasewood  show  that  it  is  used  for  pasture  only. 
Were  it  not  for  the  testimony  of  old  settlers,  some  of  whom  are  quite 
reticent  upon  the  matter,  one  would  not  suspect  that  some  of  these  large 
pastures  were  once  producing  field  crops  of  unusual  size  and  excep- 
tional quality.  It  appears  that  the  deterioration  of  these  once  tractable 
and  fertile  acres  was  gradual — that  the  inroad  of  alkali  was  so  insidious 
as  to  occasion  no  alarm  imtil  the  owners  found  their  lands  hopelessly 
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unproductive  or  so  restricted  in  the  kind  of  crops  that  could  be  grown 
that  no  prohts  could  be  realized.  This  land  receives  no  irrigation,  A 
few  small  ditches  supply  drinking  water  for  live  stock,  but  no  water 
except  the  7  or  8  inches  of  annual  rainfall  is  applied  to  the  Jand.  The 
soil,  however,  is  moist  within  a  few  inches  of  the  surface. 

Drainage  outlets  are  not  lacking,  for  within  the  2  miles  between 
the  bench  land  and  the  creek  there  are  two  and  in  some  parts  three 
drainage  channels  8  to  10  feet  deep  (fig.  4).  Test  borings  between 
these  channels  show  that  there  is  but  little  drainage  toward  them. 
Not  infrequently  the  surface  slopes  directly  away  from  the  bank  of  one 
toward  another.     This  is  true  of  the  land  on  the  south  side  of  Wide 


Fi(i.  4.— Map  of  a  part  of  the  Ataiuim  Valley,  Washington. 


Hollow  Creek  to  such  an  extent  that  it  is  unavailable  for  a  drainage 
outlet  except  for  land  situated  on  the  north  side.  Water  is  found 
within  5  or  6  feet  of  the  surface  as  near  as  100  feet  to  these  channels. 
The  subsoil  has  no  stratification  except  that  existing  as  hardpan.  The 
channels  were  not  formed  by  the  concentration  and  flow  of  water 
during  the  evolution  of  the  valley,  but  by  the  water  gathered  some- 
where in  the  hills  after  its  formation,  which  found  its  way  in  large 
volmiies  southeasterly  to  the  Yakima  River. 

TOPOGKAPHT  AND  GBOTJNB-WATEB  CONDITIONS. 

In  the  5  miles  of  length  thus  far  investigated  there  is  a  descent  of 
200  feet  toward  the  east.  All  the  streams  run  with  the  greatest  slope 
of  the  surface  without  defined  valleys.     As  we  pass  up  the  valley  we 
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find  three  fairly  well-defined  divisions  resulting  from  the  different 
ground- water  conditions  which  prevail.  The  first  or  lower  part  is  that 
which  is  abandoned  to  salt  gi-ass  or  is  greatly  injured  by  alkali,  and 
which  has  received  no  systematic  irrigation  for  years.  On  the  second 
division  crops  are  raised  with  considerable  success  with  subirrigation. 
Below  this  subirrigated  belt  water  oozes  from  the  soil  and  constitutes 
the  head  supply  of  small  streams  or,  when  there  is  no  exit,  forms 
small  ponds.  The  third  or  upper  part  of  the  valley  is  irrigated  with 
water  taken  from  the  creek  at  various  points.  This  portion  of  the 
valley  is  so  well  supplied  that  some  parts  are  marshy.  It  may  be  said 
of  the  entire  valley  that  water  has  been  applied  with  but  little  prepara- 
tion of  the  ground,  the  parts  most  favorably  situated  having  been 
irrigated  and  the  waste  discharged  upon  the  less  favored  land.  The 
condition  at  present  is  this:  The  upper  part  of  the  valley  produces 
crops  by  irrigation  direct;  the  next  division  below  by  subirrigation, 
the  water  supplying  the  soil  being  the  waste  from  the  irrigated  lands 
above;  the  lower  division  receives  the  seep  from  both,  and  is  so  highly 
charged  with  alkali  that  its  producing  value  is  of  a  low  order.  Analy- 
ses of  the  soils  taken  from  the  three  divisions  for  the  purpose  of  deter- 
mining the  percentage  of  injurious  salts  contained  in  them,  made  by 
the  chemist  of  the  State  experiment  station,  are  as  follows: 

Analyses  of  alkali  soils  from  Atanum  Valley ^  Washijigton. 


Samplo  number. 


1  (surface  alkali) 

2 

3 

4 

5 

6 

7 

8  (hardpan) 

9 

10 


Total 

Holuble 

salU. 


Per  cent. 
22.670 
.766 
.220 
1.474 
.610 
.276 
.251 

.ia5 

.564 


Calcium 

sul- 
phate. 


Percent. 

0.965 

.063 

.031 

.087 

None. 

None. 

Trace. 

Trace. 
.043 

Trace. 


Per  cent. 
1.713 
None. 
None. 
.047 
None. 
None. 
Trace. 
None. 
Trace. 
None. 


Percent. 

8.854 

.143 

None. 
.241 
.066 
.017 

Trace. 

None. 
.038 
.066 


Sodium 

car- 
bonate. 


Percent. 
0.402 
.118 
.131 
.286 
.106 
.106 
.095 
.046 
.259 


Sodium 

RUl- 

phate. 


Percent. 
16.136 
.452 
.058 
.818 
.488 
.153 
.151 
.089 
.224 
.443 


No.  1  is  alkali  gathered  from  the  surface  of  cultivated  soil  on  the 
SW.  i  of  sec.  31. 

No.  2  is  top  soil  of  a  hopyard  on  the  SW.  i  of  sec.  31.  This  hop 
field  has  some  open-ditch  drainage  and  the  vines  are  somewhat  injured 
by  subsoil  water  and  alkali. 

No.  3  is  top  soil  from  sec.  3.  Water  is  supplied  by  natural  subirri- 
gation and  drainage  is  good.  The  land  produced  a  good  crop  of  wheat 
the  present  year. 

No.  4  is  the  first  foot  of  soil  taken  from  sec.  6,  on  land  which  has 
been  abandoned  to  salt  grass  and  grease  wood. 

No.  5  is  the  second  foot  of  soil  from  the  same  place. 

No.  6  is  the  third  foot  of  soil  from  the  same  place. 
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No.  7  is  the  fourth  foot  of  soil  from  the  same  place. 

No.  8  is  hardpan  2  feet  below  the  surface  of  sec.  6. 

No.  9  is  the  first  foot  of  soil  from  salt-grass  pasture  on  sec.  35. 

No.  10  is  the  second  foot  of  soil  from  the  same  place. 

The  total  sodium  chlorid,  carbonate,  and  sulphate  found  in  sample 
No.  2  is  0.713  per  cent,  and  is  as  strong  an  alkali  soil  as  hop  plants  will 
endure  when  taken  in'  connection  with  the  water  conditions  which  pre- 
vail. It  is  only  with  the  most  petsistent  effort  in  cultivating,  irri- 
gating, and  surface  draining  that  this  hop  field  is  preserved. 

The  total  salts  in  sample  No.  2  amount  to  0.189  per  cent  and,  under 
the  condition  in  which  the  soil  is  found,  it  appears  to  be  uninjured  by 
either  water  or  alkali.  The  other  soils  on  the  list  are  all  unproduc- 
tive. It  should  be  observed,  however,  that  sample  No.  2,  taken  from 
a  producing  hop  field,  is  as  highly  charged  with  alkali  as  some  of  the 
samples  gathered  from  fields  which  are  abandoned  to  salt  grass.  This 
shows  what  may  be  accomplished  by  persistent  cultivation,  irrigation, 
and  drainage  after  a  crop  becomes  well  established. 

These  analyses  are  introduced  to  show  the  relation  of  the  volume  of 
salts  existing  in  the  soil  to  the  production  and  ground-water  conditions 
as  found  in  a  few  localities.  Careful  observations  show  that  soils  may 
be  productive  while  containing  quite  widely  different  quantities  of 
alkali.  For  example,  sample  No.  2,  taken  from  a  producing  hop  field, 
shows  0.713  per  cent  of  injurious  salts,  yet  with  the  aid  of  some  shal- 
low, open-drainage  ditches,  regular  irrigation,  and  cultivation  the  field 
is  still  productive,  though  it  is  probable  that  it  can  not  be  long  kept 
in  this  condition  unless  the  drains  be  deepened.  The  subsoil  water 
comes  from  outside  sources  and  is  kept  moving,  while  the  irrigation 
applied  to  the  surface  tends  to  dissolve  the  alkali  and  moves  downward 
in  the  direction  of  drainage.  The  shade  furnished  to  the  surface  by 
the  hop  vines  prevents  rapid  evaporation  from  the  ground,  thereby 
retarding  the  concentration  of  the  salts  of  the  soil. 

ABEA  OF  ALKAIil  LAND. 

It  is  noted  by  farmers  that  the  line  of  alkali  land  is  passing  slowly 
up  the  valley  and  encroaching  upon  the  subirrigated  land.  The  soil 
water  in  all  ca^es  passes  down  the  greatest  slope  of  the  land  parallel 
to  the  direction  of  such  drainage  channels  as  now  exist.  Hence  these 
channels  have  scarcely  any  effect  ui)on  the  drainage  of  the  soil  between 
them.  A  line  of  soil  borings  shows  that  the  water  line  is  usually  par- 
allel with  the  surface  except  where  the  ground  is  rolling,  in  which  cases 
alkali  seepage  shows  near  the  foot  of  the  slopes.  It  is  also  observed 
that  during  the  latter  part  of  the  season  the  soil-water  line  of  land 
along  the  lower  levels  rises  more  rapidly  than  in  land  occupying 
higher  levels. 


Digitized  by  VjOOQIC 


87 

Hardpan  is  frequently  found  at  variable  depths.  It  is  within  12 
inches  of  the  surface  in  some  places  and  3  feet  in  others.  The  deeper 
layers,  however,  are  usually  found  in  a  softened  condition  and  may  be 
easily  cut  with  the  spade  where  the  soil  has  been  saturated  for  some 
time,  though  it  is  not  uncommon  to  find  hard  and  dry  patches  of  this 
material  near  those  which  are  dissolved.  Its  disintegration  takes 
place  from  the  underside  upward,  so  that  a  thin,  dry  crust  is  some- 
times all  that  remains  of  a  stratum  originally  8  inches  thick.  Analy- 
ses of  the  hardpan  show  that  it  contains  but  little  of  the  injurious 
salts,  proving  that  the  hardpan  is  not  the  source  of  the  alkali  of  the 
soil. 

Soil  water  is  found  from  4  to  6  feet  from  the  surface  in  land  which 
contains  so  much  alkali  that  it  is  unproductive,  yet  the  soil  above  the 
water  line  is  constantly  moist  (fig.  5).  There  is  evidently  a  constant 
evaporation  taking  place  from  the  surface  which  adds  to  its  supply  of 
alkali.  These  facts  show  quite  conclusively  that  there  is  an  under- 
surface  supply  with  suflScient  head  to  furnish  a  constant  upward  pres- 


FiG.  5.— Profile  showing  rise  of  ground  water  In  the  direction  of  irriKated  land. 

sure  which,  in  addition  to  the  capillary  action  of  the  soil,  forces 
moisture  to  the  surface.  This  water  can  be  none  other  than  the  waste 
and  seepage  from  the  upper  lands  of  the  valley.  This  knowledge, 
together  with  that  of  the  effects  produced,  suggests  the  first  steps 
which  should  be  taken  toward  the  reclamation  of  the  land  from  its 
alkali  condition.  The  lower  soil  should  be  kept  dry  and  all  water  be 
applied  at  the  surface.  Water  should  pass  downward  through  the 
soil  and  be  taken  up  by  the  dry  earth  or  carried  away  by  suitable 
drainage.  As  it  is  now,  soil  water  charged  with  accumulated  alkali  is 
forced  te  the  surface  where  it  deposits  the  solids  as  evaporation  takes 
place. 

PLAN  FOB  BBAINAGE. 

The  plan  suggested  for  cutting  off  the  underground  supply  of 
water  is  te  construct  ci'oss  drains  at  intervals  of  one-half  mile  or  in 
some  instances  less,  which  should  discharge  into  the  most  convenient 
channels  (fig.  6).  These  drains  may  be  either  open  or  covered  and 
should  be  not  less  than  4.5  feet  deep.     As  a  supplement  te  the  drains, 
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Pio.  a— Proposed  drainage  plan  for  field  reclamation 
of  alkali  land  in  the  Atanum  Valley,  Washington. 


small  wells  should  be  sunk  4  feet  deeper  than  the  drains  and  have  dib- 
charging  orifices  near  the  bottom  of  the  ditch  (fig.  7).  These  wells 
when  placed  about  300  feet  apart  will  serve  to  break  the  pressure  head 
produced  by  the  underground  currents  of  water  and  give  outlets  to  it 
through  the  wells  into  the  drains.  Such  drainage  will  cut  off  out- 
side supply  and  pressure  of  water  and  render  the  soil  dry.     Irrigation 

water  can  then  be  applied  to  the 
surface,  the  alkali  be  dissolved, 
and  gradually  worked  downward 
by  successiv^e  irrigations  and  cul- 
tivations. If  interior  underdrains 
are  placed  at  distances  of  200  to 
300  feet  the  excess  of  water  will  be 
removed  and  the  subsoil  kept  in 
a  condition  to  receive  such  water 
as  it  ma}*^  be  necessaiy  to  apply. 
The  direction  of  the  drains  should 
be  diagonally  across  the  slope  if 
it  is  practicable  to  lay  them  in 
that  way. 

The  kind  of  drains  which  should  be  used  will  depend  largely  upon 
their  cost.  There  is  an  opinion  among  farmers  and  others  that  the 
ordinary  drain  tile  will  prove  ineflScient  in  soils  of  this  character. 
Drain  tile  can  not  be  laid  in  finely  divided  soils  when  saturated  to  such 
a  degree  as  to  be  semifluid.  When  the  work  is  attempted  with  soil 
in  this  condition,  the  tile  should  be  laid  upon  boards  1  inch  thick, 
which  will  prevent  the  tile  from  dropping  out  of  alignment.  A  time 
of  year  may  usually  be  selected  when  the  earth  is  suflSciently  dry  to 
make  a  dry  bed  for  the  tile.  The  high  price  of  drain  tile  as  compared 
with  that  of  box  drains  may  for 
the  present  be  prohibitory^  in  this 
locality.  Tile  smaller  than  4  inches 
in  diameter  has  no  place  in  this 
class  of  soils,  while  5-inch  and 
6-inch  for  laterals  laid  as  shown 
on  the  plan  proposed  in  figure  6 
should  be  used.  Silt  will  gather 
in  the  drains  to  some  extent  and 
may  be  diflScult  to  flush  out  from  3-inch  and  4:-inch  drains. 

An  important  accessory  to  field  underdmins  is  the  stop  gate,  which 
should  be  placed  at  the  outlet  of  each  lateral  if  the  grade  is  light. 
When  the  field  is  irrigated  the  gate  may  be  closed  to  avoid  waste  of 
water  and  opened  as  soon  as  irrigation  is  completed.  This  process 
will  flush  the  drains  and  at  the  same  time  facilitate  the  irrigation  of 
the  land.  The  giit^  may  consist  of  a  box  set  in  the  line  of  the  drain 
in  which  there  L*  a  sliding  partition  extending  to  the  surface  of  the 


Fig.  7.— Section  showing  relief  drain  well  on  main 
cross  drains. 
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ground.  This  may  be  opened  or  closed  as  desired.  In  the  soils  of  the 
character  found  in  the  lower  Atanum  Valley  frequent  drainage  is  not 
necessary.  Deep  drains  of  ample  size  and  others  for  protection  as  sug- 
gested in  the  plan  will  serve  the  desired  purpose  and  bring  the  expense 
of  reclamation  work  within  profitable  limits. 

DBAUfAGE    FLAH    FOB    A    FABH    OF    80    AGBES    IH    TAKIMA 
VALLEY,  WASHINGTON. 

A  matter  of  much  interest  to  many  of  the  farmers  in  the  vicinity  of 
North  Yakima  is  what  is  termed  the  "subbing"  of  the  land,  a  term 
used  to  describe  the  saturation  of  land  by  underflow.  Nearly  all  farms 
which  lie  at  the  foot  of  a  slope  which  is  irrigated  receive  more  or  less 
injury  from  subsoil  water  coming  upon  them  from  higher  lands. 
There  are  two  causes  producing  this  condition  in  the  lands  lying  south- 
west of  the  town : 

The  outcropping  belt  of  river-washed  gravel  upon  which  the  town 
is  located  gradually  disappears  under  the  surface  in  a  southerly  direc- 
tion and  is  replaced  by  a  sandy  loam.  Between  the  outcropping  of 
this  gravel  and  the  point  where  the  loam  is  found  about  5  feet  deep, 
soils  in  all  stages  between  pure  gravel  and  friable  loam  are  found. 
The  gravel,  which  is  mixed  with  rich  soil  and  is  quite  productive, 
requires  copious  irrigation,  the  waste  from  which  passes  rapidly 
through  the  gravel  subsoil  to  the  lands  occupying  lower  levels  and 
subirrigates  them. 

A  second  cause  contributing  to  this  condition  is  the  relation  of  land 
on  Nob  Hill  to  that  lying  at  the  foot  of  the  slope  and  to  the  south 
beyond.  Waste  from  irrigation,  both  surface  and  underground, 
passes  down  the  slope  of  the  hill  into  the  gravel  subsoil.  As  the  slope 
of  the  land  diminishes  toward  the  south  the  water  continues  to  accu- 
mulate, gradually  fills  the  soil,  and  in  some  instances  flows  over  the 
surface  of  some  of  the  lower  lands  during  July  and  August. 

Subirrigation  was  formerly  regarded  as  an  important  economy  in 
the  cultivation  of  this  land,  but  time  has  proven  that  its  benefits  were 
of  a  temporary  chai'acter  and  have  been  followed  by  highly  injurious 
results.  One  farm  to  which  considerable  attention  has  been  given 
furnishes  such  a  striking  example  of  the  process  of  seepage  that  its 
results  will  be  here  described.  It  consists  of  80  acres  and  subs  to 
such  an  extent  that  the  south  part  for  a  few  years  past  has  produced 
no  valuable  crop.  It  was  formerly  noted  for  the  excellent  quality,  as 
well  as  large  quantity,  of  hops  which  were  produced,  but  in  recent 
years  a  portion  of  this  field  has  been  so  injured  by  seepage  that  the 
plants  have  been  dug  out  and  the  land  seeded  to  gi-ass.  Some  attempt 
at  drainage  was  made,  and  for  this  pui*pose  a  small  ditch  was  opened 
from  the  farm  toward  the  south  and  extends  to  Wide  Hollow  Creek 
along  a  right  of  way  secured  for  the  pui"poso.     This  drain,  however, 
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relieves  the  farm  from  water  only  after  it  appears  near  the  surface, 
and  hence  fails  to  give  sufficient  drainage  to  the  land. 

The  accompanying  map  (fig.  8)  shows  the  condition  in  which  the 
land  was  found  on  July  30,  1903.     At  that  time  fully  one-half  of  it 


Fig.  8.— PropoetMi  plan  for  drainage  of  Baldwin  and  Mead  farms,  Yakima  County,  Wash. 

had  water  at  or  near  the  surface.  On  June  20  water  was  found 
within  a  foot  of  the  surface  at  the  south  end  of  the  farm,  and  on  Jul^- 
1  H  wJis  standing  on  the  surface  at  the  same  place^     Nothhig^of  value 
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was  growing  upon  the  south  20  acres.  During  the  first  part  of  the 
season  water  was  found  constantly  rising  in  the  soil  until  on  the  date 
mentioned  it  had  reached  the  surface  as  represented  on  the  map. 
Mosquitoes  and  snipe,  with  unerring  instinct,  found  this  a  homelike 
retreat. 

SOXTSCE  OF  THE  WATEB. 

This  water  comes  from  the  subsoil,  rises  constantly,  and  reaches- out 
into  various  portions  of  the  field.  The  conditions  on  Nob  Hill  were 
far  different.  Every  plant,  tree,  and  shrub  received  its  water  from 
that  applied  to  the  surface.  There  was  no  subbing  there.  The  utmost 
luxuriance  and  fruitfulness  greeted  the  eye  on  every  side.  When  we 
compare  this  and  the  other  land,  in  which  ground  water  does,  not  con- 
tribute  to  the  supply  of  moisture,  wnth  the  uneven  and  patchy  produc- 
tiveness of  land  which  subs,  we  are  forced  to  the  conclusion  that 
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Fig.  9.^Profile  of  soil  water  on  Baldwin  farm. 

subirrigation  for  this  land  is  a  delusion  and  a  veritable  snare  to  the 
unwary  irrigator.  This  farm  belongs  to  the  area  in  which  the  grav- 
elly soil  is  within  1  to  5  feet  of  the  surface.  The  gravel  is  found 
deeper  toward  the  south  end  and  shades  off  into  the  sandy  loam  which 
is  characteristic  of  the  low  part  of  the  valley. 

The  question  arose  as  to  the  source  of  the  water  which  fills  the 
ground  of  this  farm.  It  was  quite  persistently  held  by  some  that  it 
came  from  the  east  side,  for  the  reason  that  no  trouble  was  experi- 
enced from  this  cause  until  irrigation  began  on  the  land  adjoining  it 
on  the  east.  The  soil  there  is  open  and  gravelly  and  received  unmeas- 
ured quantities  of  water,  according  to  the  best  evidence  at  hand.  The 
topography  of  the  surrounding  land,  however,  did  not  suggest  nor 
sustain  this  view  and,  in  order  to  secure  reliable  information  which 
would  help  solve  the  question,  borings  were  made  a<'Toss  the  farm  for 
the  purpose  of  determining  the  water  line.  The  results  of  these 
measurements  are  shown  in  fig.  9,  and  indicate  that  the  water  comes 
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mainly  from  the  west  and  northwest  and  passes  in  a  southeasterly 
direction  through  the  soil.  There  is  a  short  slope  on  the  adjoining 
land  at  the  east  from  which  some  seepage  water  finds  its  way  west- 
ward to  the  farm.  The  land  at  the  northwest  rises  rapidly  for  a  mile 
or  more  and  soon  reaches  a  point  100  feet  higher  than  the  farm,  so 
that  all  soil  water  reaches  the  farm  under  a  good  head.  Some  con- 
ception of  this  head,  which  is  forcing  the  water  into  the  land,  was 
obtained  from  the  following  test:  A  hole  20  inches  deep  was  bored 
to  the  gravel  on  the  west  side  of  the  road  and  then  drilled  1  foot 
deeper  into  the  gravelly  subsoil.  Water  at  once  rose  to  near  the  sur- 
face and  stood  9  inches  higher  than  it  was  found  in  the  field  at  the 
east  100  feet  distant. 

aUANTITT  OF  DBAINAGE  WATEB. 

The  quantity  of  water  to  be  provided  for  was  found  to  be  greater 
than  was  generally  suspected.  A  covered  drain  about  1,200  feet  long, 
put  in  for  the  purpose  of  dmining  the  house  cellar,  when  measured  in 
July  was  found  to  be  discharging  1.5  cubic  feet  per  second.  The 
drain  passes  through  the  gravel  and  apparently  intercepts  the  supply 
of  ground  water  from  the  hill  land  at  the  northwest.  Judging  from 
the  topography,  this  drain  intercepts  water  from  about  160  acres  of 
land  which  slope  toward  it.  After  the  land  became  saturated  and  the 
surplus  water  was  flowing  through  the  shallow  drain  above  mentioned 
into  Wide  Hollow  Creek,  the  quantity  was  measured  near  the  outlet 
and  was  found  to  be  5.3  cubic  feet  per  second.  There  were  approxi- 
mately 640  acres  of  land  which  discharged  drainage  water  through  this 
ditch.  In  addition  to  the  drainage  water  there  was  some  waste  from 
irrigation. 

In  determining  this  quantity,  the  area  which  contributes  the  water 
should  be  considered  rather  than  the  land  immediately  injured.  This 
is  difficult  to  do  satisfactorily,  for  in  addition  to  the  acreage  there 
should  be  considered  the  nature  and  direction  of  the  slopes,  the  porosity 
of  the  subsoil,  and  the  extent  and  manner  of  irrigation  practiced  upon 
the  adjoining  land.  From  figures  obtained  from  measurements  at 
various  points  it  was  found  that  the  drainage  to  be  provided  for  in 
land  having  a  gravel  subsoil  would  be  1  cubic  foot  per  second  for  each 
100  acres.  In  some  sandy  loams  through  which  the  water  flows  less 
freely,  measurements  indicate  that  0.5  cubic  foot  per  second  for  each 
100  acres  would  be  sufficient,  while  others  show  that  0.8  cubic  foot  per 
second  for  each  100  acres  would  be  required. 

PliAN  FOB  DRAINAGE. 

A  plan  for  the  drainage  of  this  fann  was  made  as  shown  on  the 
accompanying  map  (fig.  8,  p.  4:0).  Owing  to  the  peculiar  topography 
and  the  conditions  surrounding  the  land,  two  drains  are  provided. 
The  one  on  the  west  will  cut  off  the  water  coming  from  the  Nob  Hill 


43 


f>ff  piatth 


territory,  and  the  one  on  the  east  will  intercept  the  water  coming  from 
that  side  and  also  from  the  north.  Another  purpose  of  the  east-side 
drain  will  be  to  collect  any  water  that  might  pass  under  the  drain  on 
the  west.  The  outlet  drain  for  this  system  will  follow  the  right  of 
way  and  will  be  4,300  feet  long.  It  will  be  deep  and  expensive,  but  it 
has  been  arranged  that  the  cost  shall  be  shared  b}'  the  parties  owning 
land  through  which  the  drain  will  ptiss.  The  drains  are  to  be  covered 
boxes,  such  as  are  shown  by  the  accompanying  sketches  (fig.  10).  The 
capacity  of  the  main  drain  is  estimated  at  6  cubic  feet  per  second  when 
flowing  under  the  head  due  to  its  own  gi*ade.  It  is  proiX)sed  to  exclude 
all  surface  water  from  this  system  as  far  as  possible.  The  land  that 
will  be  drained  has  not  been  injured  seriousl}^  by  alkali,  for  the  reason, 
probably,  that  the  excess  of  water  has  dissolved  and  carried  away  the 
larger  part  of  it. 

The  position  which  this  land  occupies  with  reference  to  higher  land 
surrounding  it  is  such  that  waste  and  seepage  water  is  concenti-ated 
upon  it  and  is  thence 
distributed  through 
the  soil  of  land  lying 
to  the  southeast  in  the 
line  of  the  natural- 
drainage  slope.  It  is 
quite  evident  that  in- 
tercepting soil  and  sur- 
face water  in  such  a 
way  as  to  divert  it 
from  the  land  first  and 
most  immediately  af- 
fected will  prove  of 
great  value  to  land  lying  beyond  it  in  the  line  of  natural  drainage. 
It  is  doubtful  if  any  further  drainage  will  be  required  on  this  farm 
than  that  outlined  for  intercepting  the  water  coming  upon  it  from 
outside  territory. 

SOME  FEAGTIGAL  WOEK  IN  THE  BEAINAGE  OP  ALKALI  LANDS. 

Any  work  which  has  been  prosecuted  to  successful  completion  along 
lines  concerning  which  there  is  some  question  among  practical  men 
has  a  value  peculiar  to  itself.  Success  is  always  convincing.  The 
following  account  illustrates  what  individual  persistence  under  dis- 
couraging surroundings  may  accomplish  and  enforces  the  proposition 
that  land  may  be  profitably  reclaimed  from  alkali  by  methods  easily 
within  reach  of  the  enterprising  and  practical  farmer. 

In  the  county  of  Kittitaj*,  State  of  Washington,  not  far  from  Ellens- 
burg,  is  a  farm  notable  in  that  locality  because  it  has  ]>eon  changed 
from  a  barren  alkali  tract  to  a  productive  meadow.  It  is  all  the  niDre 
deserving  of  description  because  i\s  owner  is  a  pioneer  in  such  work 
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Fio.  10.— Box  drains. 
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in  that  part  of  the  State  and  has  pei*8evered  in  his  eflforts,  notwith- 
standing the  ridicule  of  his  neighbors  and  discouragements  from  eveiy 
side. 

The  farm  is  a  72-acre  tract  belonging  to  R.  P.  Tjossem,  whith. 
according  to  all  the  evidence  at  hand,  was  white  with  alkali  and  abso- 
lutely unproductive  before  any  water  for  irrigation  became  a\'>i.iiahli . 
As  soon  as  water  could  be  obtained  Mr.  Tjossem  began  surface  floo^l 
ing  for  the  purpose  of  washing  off  the  alkali.     It  is  probable  that 
in  this  way  a  considerable  quantity  of  the  salt  was  removed  from  tL* 
surface,  together  with  much  valuable  humus  which  had  been  absorlnil 
by  the  alkali.     Yet  the  land  remained  unproductive,  the  supply  if 
alkali  from  below  apparently  replenishing  the  surface  as  fast  a.s  th*- 
salt  was  taken  away.    The  land  on  the  west  produced  salt-grass  pastun-. 
thus  affording  some  revenue;  but  this  land  produced  nothing.      HaWn^ 
occasion  to  underdrain  a  small  strip  of  wet  land  so  as  to  make  it  suf- 
ficiently firm  to  drive  across,  Mr.  Tjossem  noted  that  the  alkali  Iari*i 
adjoining  was  improved  and  that  the  water  with  which  he  irrigatt^i 
this  land  percolated  downward  and  through  the  land  which  he  bail 
drained.     The  idea  that  underdrainage  was  the  cure  for  the  evil  with 
which  he  had  been  contending,  impressed  itself  upon  him,      Beint: 
endowed  with  inventive   talent,  he  built  a  mole  plow  for  making- 
drains.     It  was  drawn  through  the  soil  by  a  capstan,  leaving  a  {^assa^r^ 
in  the  earth  about  6  inches  square,  2  feet  beneath  the  surface.     Whii*' 
these  drains  did  some  good,  they  were  found  to  be  too  shallow,  anc 
were  often  injured  by  holes  which  were  washed  into  them  by  wat«*r 
from  the  surfa<'e.     He  then  changed  his  machine  so  that  it  made  drain? 
30  inches  deep,  and,  for  the  purpose  of  making  them  more  la8tin^% 
added  a  device  by  means  of  which  a  series  of  box  drains  with  open 
bottom  could  be  drawn  in  behind  the  mole,  thus  obviating  the  risk  oi 
the  drains  being  destroyed  as  were  the  simple  mole  drains  first  il^^A 

This  work  was  not  done  in  one  setuson.  Mr.  Tjossem  continued  his 
experiments  and  watched  the  results.  Drains  had  been  placed  here 
and  there  where  it  was  thought  they  might  do  the  most  good.  At  laM 
he  came  to  the  conclusion  that  while  his  drains  had  aided  him  in  som«* 
measure,  shallow  drains  ''were  not  much  good,"  as  he  expressed  it. 
He  constructed  a  larger  and  stronger  machine  which  made  a  drain  4..' 
feet  deep  and  which  took  a  box  behind  the  mole  6  by  8  inches  in  sta- 
tion. A  conical-shaped  box  at  tlie  rear  of  the  mole  opens  the  eartl 
and  draws  after  it  a  series  of  box  drains  cut  in  lengths  of  4  fet't 
When  300  feet  of  drain  have  been  completed,  a  new  section  is  begv.n 
and  the  interval  of  a  few  feet  between  the  two  sections  is  filled  in 
by  hand. 

With  the  aid  of  this  machine  he  constructed  the  drains  rapidlj-  ani 
cheaply,  and,  what  was  more  gratifying,  made  substantial  progress  in 
the  work  of  reclamation.     It  may  be  sjiid  with  reference  to  this  macluDe 
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that  it  is  adapted  to  ground  that  has  but  little  hardpan  and  must  be 
used  when  the  earth  through  which  the  mole  is  drawn  is  well  saturated 
with  water. 

It  is  somewhat  remarkable  that  the  meager  and  imperfect  di*ainage 
has  accomplished  such  excellent  results.  It  is  now  six  years  since  the 
first  shallow  drains  were  constructed.  The  hay  taken  from  the  land  is 
a  mixture,  some  being  alfalfa  and  other  timothy  and  clover.  Mr. 
Tjossem  says  he  seeded  with  anything  he  thought  would  grow.  The 
land  will  net  him  $1,500  this  year,  but  there  are  yet  some  places  between 
the  drains  which  show  alkali  and  have  produced  but  small  crops. 
There  is  but  a  fence  between  this  meadow  and  the  salt  grass  pasture 
adjoining  it  on  the  west  and  north.  This  pasture  receiv^es  no  irrigation, 
yet  soil  taken  2  feet  below  the  surface  is  so  wet  that  water  can  be 
pressed  out  of  it  by  hand.  No  more  emphatic  example  of  the  value 
of  drainage,  meager  though  it  is,  can  be  found  than  is  furnished  by 
the  contrast  of  these  two  fields. 

The  land  slopes  mainly  to  the  south.  Mr.  Tjossem's  drains  follow 
this  slope  except  in  a  few  instances.  The  irrigation  canal  and  the 
land  from  which  the  seepage  comes  lie  on  the  north  and  ea»t.  In  the 
improvement  of  this  land  Mr.  Tjossem  adheres  to  the  practice  which 
he  considers  his  experience  has  demonstrated  as  correct.  He  subsoils, 
turning  the  top  soil  down  as  deeply  as  pnicticable  and  bringing  the 
lower  soil  to  the  surface,  thus  producing  a  seed  bed,  the  soil  of  which 
contains  less  alkali  than  is  found  upon  the  surface.  He  then  seeds  and 
irrigates  liberally.  His  method  of  drainage,  however,  he  says,  is 
faulty.  The  outlets  are  not  free  nor  deep  enough.  The  drains  should 
extend  diagonally  across  the  slope  of  the  land  instead  of  with  it. 
With  this  plan  in  view,  he  is  now  constructing  a  machine  which  will 
excavate  a  deep  ditch,  intending,  if  it  will  work,  to  revise  and  recon- 
struct his  entire  drainage  system. 

The  reclamation  of  these  72  acres  is  regarded  by  his  neighbors  as  a 
success,  and,  as  might  be  expected,  he  is  looked  upon  as  an  authority 
on  this  subject.  At  the  request  of  Mr.  Hinman,  postmaster  at  Ellens- 
burg,  who  owns  a  farm  2  miles  from  town,  Mr.  Tjossem  directed  some 
work  for  him  last  spring  which  was  so  satisfactory  that  it  will  be  con- 
tinued the  coming  winter  along  the  same  general  lines. 

Owing  to  the  irregular  and  experimental  wa}'  in  which  Mr.  Tjossem 
performed  the  work  on  his  farm  he  is  unable  to  state  the  cost.  Such 
examples  demonstrate  that  land  of  this  description  can  be  brought 
into  the  realm  of  productiveness  and  that  this  can  be  done  by  the 
farmer  without  employing  any  very  unusual  methods.  Some  well- 
directed  drainage,  liberal  irrigation,  and  wise  cultivation  will  make 
the  landowner  master  of  the  situation. 
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BBAIHAGE  IN  GBET  BTFLL  VALLET,  WYOMUVa. 

A  tract  in  Grey  Bull  Valley,  Wyoming,  which  had  been  injured  by 
seepage  and  alkali,  was  examined.  Here  the  farms  are  usually  160 
acres  in  extent,  much  larger  than  the  owners  are  able  to  cultivate 
well  with  the  help  at  their  command.  Grain  and  alfalfa  are  grown 
almost  exclusively.  Railroad  shipping  facilities  are  28  miles  distant, 
so  that  economic  conditions  are  essentially  different  from  those  in 
localities  heretofore  noted.  The  town  of  Burlington  in  Big  Horn 
County  is  about  4  miles  from  the  Grey  Bull  River  and  is  the  center 
about  which  cluster  the  farms  which  are  irrigated  by  the  Farmers 
Canal.  This  canal  takes  water  from  the  Grey  Bull  River,  is  9  miles 
long,  and  is  designed  to  furnish  water  for  10,000  acres  of  land.  It 
was  completed  in  1896  and  cost  $12,500,  including  lateiuls. 

The  land  which  is  watered  by  this  ditch  consists  of  a  series  of  three 
benches  or  terraces  rising  above  the  first  river  bottom  in  steps  from  20 
to  30  feet  in  height,  and  has  sufficient  slope  directl}^  toward  the  river 
and  parallel  with  its  couree  to  permit  a  ready  flow  of  both  supply  and 
drainage  water.  The  distributing  latei*als  are  laid  regularly  on  section 
and  half -section  lines,  so  that  with  a  few  exceptions  water  is  distrib- 
uted from  laterals  extending  across  the  entire  tract  one-half  mile  apart. 
Waste  ditches  located  every  half  mile,  at  right  angles  to  the  distribu- 
ting ditches  and  between  them,  are  intended  to  intercept  the  waste 
water  from  each  fann  and  discharge  it  into  the  next  lower  distributing 
or  head  ditch  (fig.  11). 

The  soil  lies  upon  a  bed  of  coarse  river-washed  gravel  with  which 
are  mixed  cobblestones  of  all  sizes,  and  is  usually  not  deeper  than  15 
inches  except  along  the  lower  borders  of  the  benches,  where  it  is  not 
infrequently  3  to  6  feet  deep.  Often  the  gravel  crops  out  upon  the 
surface  to  such  an  extent  as  to  interfere  with  cultivation.  The  under 
gravel  contains  no  soil  or  clay  of  any  kind. 

GBOUND-WATEB  CONBITIOKS. 

The  record  of  a  deep  well  which  was  drilled  on  the  town  site  during 
August  is  as  follows: 

Soil inches.  -  14 

Coarse  gravel feet.  -  40 

Black  sand do ...  10 

At  the  bottom  of  the  sand  is  found  an  impervious  or  "bad  lands" 
clay.  When  the  well  was  drilled  water  was  found  from  a  plane  within 
3  feet  of  the  surface  to  the  impervious  clay  51  feet  below.  The  water 
contained  too  much  alkali  for  domestic  use.  The  owner  of  the  NE.  J 
of  sec.  30,  which  is  on  the  upper  bench  near  the  canal,  says  that  the 
second  year  after  irrigation  began  water  was  found  in  a  well  dug  on  his 
place  at  10  feet  from  the  surface,  and  in  the  fourth  year  the  land  at  the 
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same  point  was  too  ho^gy  to  be  cultivated.     At  present  much  of  the 
land  at  the  foot  of  the  benches  is  so  wet  as  to  be  unfit  for  cultivation, 


Piu.  11.— Map  of  irrigation  syRtcm  near  Burlington,  Wyo. 

iome  of  it  being  covered  with  a  coat  of   white  alkali    (sodium  sul 
:)hate),  while  other  portions  show  surface  water  which  has  dissolved 
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the  alkali  to  such  an  extent  that  aquatic  pasture  grasses  grow  abun- 
dantly (PL  III,  fig.  2). 

That  this  condition  prevails  upon  land  which  has  been  under  irriga- 
tion only  seven  years  and  is  completely  underdrained  with  coarse 
gi*avel  is  a  matter  of  some  surprise.  The  gravel  has  become  filled  with 
water  from  near  the  surface  to  the  underlying  clay.  This  matter 
should  receive  consideration,  since  much  otherwise  valuable  land  has 
become  useless,  while  there  is  a  constant  complaint  of  a  scarcity  of 
water  for  irrigation. 

THE   CAUSE. 

Seeking  for  the  cause  of  these  conditions  so  imfavorable  to  land 
under  the  Farmers  Canal,  it  may  be  observed  that  the  canal  is  in  many 
places  cut  through  gravel  which  permits  a  large  leakage  of  water.  At 
the  west  and  northwest  of  the  tract  the  Wiley  Ditch  contributes  its 
share  of  seepage  to  the  lower  land.  On  account  of  the  shallow  soil 
and  the  open  gravel  below  a  great  deal  of  water  is  required.  The  cus- 
tom at  present  with  most  of  the  irrigators  is  to  fill  the  gravel  with 
water  until  the  surface  is  saturated.  The  supply  being  shut  off,  the 
water  passes  through  the  gravel  to  lower  land.  The  water  contains 
alkali  which  soon  shows  on  the  lower  land  to  such  an  extent  that  the 
owner  is  obliged  to  apply  water  vigorously  in  order  to  wash  his  land 
and  prevent  injur}^  to  his  crop.  The  deeper  soils  at  the  base  of  the 
benches,  however,  receive  the  wa^ste  from  the  upper  lands  and  soon 
become  bogged.  These  soils  are  much  the  deepest  and  richest  of  the 
entire  body  of  land  under  irrigation.  The  ditches  provided  for  waste 
water  are  so  shallow  that  they  intercept  only  that  which  wasters  over 
the  surface,  the  greater  part  of  the  water  passing  slowly  through  the 
gravel  toward  the.  lower  benches  and  thence  to  the  river. 

THE    REMEDY. 

Such  are  the  facts  relating  to  this  land.  The  alkali,  being  princi- 
pally sodium  sulphate,  readily  dissolves  and  can  be  washed  out  of  the 
soil.  Owing  to  the  great  facility  with  which  the  gravel  receives  the 
water,  the  alkali  which  is  washed  from  one  farm  is  carried  to  the  next 
below  and  so  on  through  the  entire  tier  of  farms.  As  a  remedy  for 
this  evil  the  cross  ditches  should  be  deepened  to  3  feet  for  the  purpose 
of  cutting  off  the  waste  water  which  comes  through  the  gravel  from 
entering  the  farm  next  below.  The  gravel  will  afford  perfect  under- 
drainage  if  suitable  outlets  in  the  form  of  open  ditches  are  provided. 
These  may  discharge  into  the  head  ditcher  wherever  possible. 

It  is  observed  that  the  greatest  injury  from  water  and  alkali  is  found 
at  the  l)ases  of  the  benches.  Irrigation  water  from  the  bench  land 
above  sinks  into  the  gravel  and  seeps  out  at  the  foot  of  the  slope, 
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giving  a  constant  supply  of  both  water  and  alkali  during  the  irriga- 
tion season.  In  most  instances  this  supply  is  increased  by  leakage 
from  the  canal.  • 

One  of  these  boggy  tracts  is  seen  on  sees.  34,  35,  and  26  (fig.  11). 
It  receives  its  water  from  the  Wiley  Canal.  The  bench  is  30  feet 
higher  than  the  lower  land.  In  addition  to  the  seepage  from  the 
bench  all  waste  irrigation  and  seepage  water  from  320  acres  of  land 
lying  under  the  bench  concentrates  at  the  foot  of  this  ridge  and  as  a 
result  the  land,  though  once  cultivated,  has  been  abandoned.  A  ditch 
along  the  foot  of  this  ridge,  running  in  a  northeasterly  direction  and 
discharging  into  the  Farmers  Canal  on  the  SE.  i  of  sec.  26,  would  give 
an  outlet  for  all  of  this  surplus  water  and  with  the  aid  of  some  other 
individual  cut-off  ditches  would  restore  this  land  to  its  former  pro- 
ductiveness (fig.  12).  This  ditch  would  have  a  fall  of  30  feet  to  the 
mile  and  might  easily  be  discharged  into  the  Farmers  Canal,  thus 
adding  somewhat  to  its  supply. 

Another  prominent  seepage  belt  extends  from  the  Farmers  Canal  on 
sec.  25  along  the  foot  of  the  bench  just  south  of  town  through  Bur- 
lington  addition  and   off 

easterly  for  a  distance  of  /^^^^^ 

4  miles.    This   should  be  M7T^\ 

treated  in  the  same  man-  //^5-zi±f.^ 

ner  as  the  bog  under  the  Ji^^^^^ 

Wiley  Ditch,  making  the  //f^y^z^^^ 

di-'^        •  •    i.       J.   xi-  Lowfir  Level  ..^^ftt^/^^^-T  'T^k^^'iT 

ischargmg  point   at  the     mgagg^^m^r^n  moj^^^^^^j^z^^^^ 

waste  ditch  on  sec.  34,  R.     ^^^^^^^^^^^^^^^^^^^^^^^5^^ 
96.     This  would  intercept 

the  Wa^te  water  from  the     l^<^.12.-Section  showing  location  of  drid^^ 

ton  district,  Wyoming. 

bench   land  at  the  north 

and  greatly  relieve  all  land  south  of  the  drainage  ditch. 

Di-ainage  ditcrhes  should  not  be  made  too  shallow.  Their  object  is 
to  take  water  out  of  the  subsoil  rather  than  from  the  surface.  They 
should  be  sunk  2  feet  into  the  gravel  or,  in  case  there  is  no  gravel, 
they  should  be  4  feet  deep  and  wide  enough  to  remain  open  and  admit 
of  occasional  cleaning.  It  should  be  understood  that  the  object  of 
these  ditches  is  to  intercept  seep  and  waste  water  coming  from  higher 
land  and  to  afford  an  outlet  for  smaller  waste  ditches  which  may  dis- 
charge into  them.  In  all  cases  the  ditches  must  be  deep  enough  to 
reach  well  into  the  gravel.  All  that  is  necessary  to  secure  sufficient 
drainage  in  this  locality  is  to  tap  the  gravel  bed  underlying  the  soil 
with  sufficient  frequency  to  relieve  it  of  soil  water. 

The  thinness  of  the  soil  and  the  waste  which  necessarily  attends  the 
use  of  water  suggests  that  head  ditches  be  placed  more  frequently  and 
that  the  distribution  of  water  be  more  directly  and  carefully  made. 
The  practice  of  turning  loose  a  large  volume  to' pass  through  the  soil 
into  the  gravel  is  both  wasteful  of  water  and  injurious  to  tho^  land. 
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More  frequent  watering  will  be  required  on  this  than  on  land  with 
clay  subsoil,  but  a  less  quantity  should  be  used  at  each  application. 
For  the  reason  that  water-filled  gravel  lies  near  the  surface,  alkali  van 
be  easily  washed  downward  and,  under  the  circumstances  describe*!,  it 
always  needs  to  be. 

It  should  be  noted  by  those  who  doubt  that  alkali  can  be  taken  fn»n. 
the  soil  that  each  irrigation  of  this  gravel -bottom  land  ^ra^hes  out 
alkali  which  if  left  during  one  season  would  destroy  the  crop.  An 
abundance  of  water  finds  its  way  to  the  river  through  springs  which 
have  come  into  existence  since  irrigation  began.  It  is  evident  that 
water  runs  into  the  gravel  more  rapidly  than  it  can  pass  awaj  until 
more  outlet  ditches  are  made  as  suggested. 

BEAINAOE  IH  THE  MISSOUBI  BIYEB  VALLEY,  IOWA. 

A  drainage  problem  of  great  magnitude  and  of  vital  importance  tn 
those  owning  land  on  the  Missouri  River  bottom  was  made  the  i^uhjert 
of  investigation  by  this  Ofiice  during  the  year.  The  conditions  ani 
difficulties  met  in  one  of  the  districts  embracing  the  Monona- Harri>4  u 
County  Ditch  are  typical  of  others  in  the  same  valley.  The  drainap^ 
of  these  valley  lands  is  a  subject  which  has  received  the  careful  ct)n- 
sideration  of  many  observing  men  during  recent  years  and  is  at  this 
time  the  most  important  matter  that  can  be  named  in  connection  with 
the  development  of  this  valley.  No  statement  will  be  more  readily 
admitted  than  that  the  only  drawback  to  the  highest  development  of 
the  bottom  land  is  lack  of  drainage.  It  has  been  cultivated  and  found 
to  yield  large  and  excellent  field  crops,  especially  of  corn  and  gra^^x 
It  is  a  beautiful  broad  and  fertile  valley,  every  acre  of  which  may  he 
made  to  produce  satisfactory  crops  with  the  exception  of  such  land  as 
may  be  required  for  roads  and  ditches. 

TOPOGRAPHICAL  FEATX7BB8. 

For  data  relating  to  the  topography  of  the  valley,  the  behavior  of 
its  streams,  and  results  of  drainage  work  heretofore  attempted^  the 
county  is  greatly  indebted  to  Mitchell  Vincent,  of  Onawa,  aL«o  for 
minute  observations  and  measurements  extending  over  a  period  of 
twenty-five  years,  which  he  has  compiled  with  painstaking  sj'stenu 
In  addition  to  these,  the  reliable  surveys  made  by  Mr.  Fessenden  bear- 
ing upon  the  proposed  improvement  present  facts  and  figures  of  iLf 
highest  importance  in  treating  this  question. 

If  the  surface  sloped  from  the  hills  directly  across  the  valley  to  the 
Missouri  River,  the  drainage  of  the  bottom  land  could  be  easily  pro- 
vided. Instead  of  this,  the  banks  of  the  river  are  25  feet  higher  than 
the  land  18  miles  toward  the  hills.  A  profile  line  drawn  from  tb^ 
banks  of  the  Missouri  east  to  the  banks  of  the  Little  Sioux  River 
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through  or  near  the  town  of  Whiting  shows  that  town  to  be  11  feet 
below  the  level  of  the  river  bank;  land  west  of  the  West  Fork,  22 
feet  below;  land  e.ast  of  the  West  Fork,  26  feet  below;  and  the  Little 
Sioux  River  17  feet  lower  than  the  banks  of  the  Missouri.  The  width 
of  the  valley  on  this  line  is  about  14  miles,  with  the  largest  stream 
skirting  its  east  border  near  the  foot  of  the  bluff.  It  may  also  be 
observed  that  the  banks  of  this  stream  are  9  feet  higher  than  some  of 
the  land  lying  between  it  and  the  Missouri.  As  a  rule,  the  banks  of 
both  West  Fork  and  Little  Sioux  are  2  to  5  feet  higher  than  the  gen- 
eral level  of  the  land  through  which  these  streams  flow,  though  it  is 
not  true  of  all  land  lying  on  the  west  side  of  the  West  Fork. 

The  Little  Sioux  River  receives  its  water  from  the  West  Fork  and 
the  Maple  River.  The  fomier  rises  in  the  northwest  part  of  the  State, 
is  53  miles  long,  and,  with  its  tributaries,  drains  700  square  miles. 
The  latter  joins  the  Little  Sioux  below  the  town  of  Turin,  is  77  miles 
long,  and  drains  732  square  miles  from  the  hills.  The  Little  Sioux, 
into  which  these  two  rivers  discharge,  empties  into  the  Missouri  River 
at  the  town  of  Little  Sioux.  It  has  its  source  in  Minnesota,  is  150 
miles  long,  and  has  a  drainage  area,  including  that  of  the  two  streams 
just  mentioned,  of  approximately  3,900  square  miles,  exclusive  of  the 
valley  land  through  which  it  flows  and  which  can  not  properly  be  con- 
sidered a  part  of  its  basin.  These  streams  in  the  valley  are  crooked, 
with  irregular  channels,  the  velocity  of  the  current  varying  from  0.5 
of  a  mile  to  2  miles  per  hour,  or  from  0.6  foot  to  3  feet  per  second. 
They  are  insuflScient  to  carry  the  water  coming  to  them  from  the 
higher  country  in  times  of  heavy  rainfall,  and  as  a  result  overflow 
their  banks  and  flood  the  level  lands,  a  state  of  things  which  during 
the  present  season  has  been  particularly  disastrous.  The  repeated 
flooding  of  this  land  during  the  present  season  has  rendered  totally 
unfit  for  cultivation  fully  40,000  acres  of  fertile  land  within  the  range 
of  the  proposed  improvements.  When  water  once  flows  out  of  the 
streams  it  can  not  return  to  them  direct,  but  must  pass  slowly  over 
the  level  lands  southward  and  parallel  to  the  streams,  reaching  them 
at  some  lower  point  by  percolation.  What  is  the  result?  An  over- 
flow of  the  streams  whose  channels  are  insufficient  to  carry  the  water 
from  their  watershed,  with  no  drainage  provided  for  it,  makes  the 
valley  a  vast  lake,  as  it  has  been  at  various  times  during  the  past  season. 

DRAINAGE  PLANS. 

The  Monona-Harrison  Ditch  is  located  in  the  low  lands  west  of  the 
Little  Sioux  and  approximately  parallel  to  it,  as  shown  on  the  map 
(PI.  IV),  and  discharges  direct  into  the  Missouri  through  the  washout 
above  the  town  of  Little  Sioux.  This  ditch  taps  the  West  Fork  oppo- 
site the  discharging  point  of  the  Wolf  Creek  dredge  ditch  now  nearing 
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completion.  The  object  of  this  drain  is  to  relieve  the  West  Fork  of 
such  a  part  of  its  water  at  flood  time  that  the  channel  below  can  carry 
the  rest  and  also  to  provide  an  ample  outlet  for  the  drainafje  of  the  low 
land  lying  west  of  and  parallel  to  the  river.  The  question  may  prop- 
erly be  asked,  Is  the  plan  a  sound  one  in  principle,  and  is  it  the  most 
practical  and  efficient  one  that  can  be  executed?  It  may  be  said  in 
its  favor  that  it  conforms  to  the  well-established  method  of  relieving 
an  overcharged  stream  by  constructing  an  outlet.  In  this  case  it  will 
relieve  the  congestion  of  the  West  Fork  and  lessen  the  danger  of  over- 
flow of  the  land  situated  both  above  and  below  the  point  of  outflow 
and  will  also  relieve  the  Little  Sioux  River.  The  ditch  passes  along 
the  lowest  land,  following  the  most  practical  course,  so  when  com- 
pleted it  will  be  available  as  a  drainage  outlet  for  land  on  either  side 
for  its  entire  length.  It  will  discharge  direct  into  the  Missouri  and 
will  provide  an  outlet  distinct  from  the  Little  Sioux,  into  which  the 
West  Fork  flows. 

SIZE  AND  KIND  OF   CHANNEL. 

It  has  been  urged  against  the  construction  of  this  ditch  as  proposed 
that  it  is  wrong  in  principle,  since,  if  the  bank  of  the  West  Fork  is 
cut,  water  will  flow  out  and  flood  the  land  even  more  than  it  does 
under  present  conditions.  This  is  true  unless  the  proposed  ditch  be 
constructed  with  sufficient  capacity. 

Let  us  examine  the  case  minutely.  The  West  Fork  at  the  proposed 
outtake  has  a  cross  section  of  about  1,200  square  feet  and,  at  ordinary- 
flood  height,  the  stream  has  a  mean  velocity  of  0.6  foot  per  second, 
giving  a  discharging  capacity  of  720  cubic  feet  per  second.  It  is  pro- 
posed to  tap  this  stream  by  a  ditch  45  feet  wide  on  the  bottom,  65  and 
70  feet  wide  on  the  top,  and  with  10  feet  carrying  depth  at  flood  height. 
This  ditch  will  have  a  sectional  area  of  550  square  feet,  a  velocity  of 
3  feet  per  second,  and  a  carrying  capacity  of  1,650  cubic  feet  per 
second,  or  double  the  capacity  of  the  channel  of  the  West  Fork, 
thereby  making  the  flood  capacity  of  the  two  channels  three  times  as 
great  as  at  present.  The  ditch  will  be  22  miles  long,  from  10  to  12  feet 
deep  with  some  15-foot  cutting  near  the  lower  end,  and  a  uniform 
grade  of  1  foot  to  the  mile.  The  width  will  be  increased  to  50  feet 
base  below  Oliver  Lake.  The  grade  line  as  laid  out  will  strike  the 
river  at  ordinary  low- water  stage.  According  to  data  at  hand,  high 
water  in  the  Missouri  will  not  block  the  action  of  this  ditch.  Water 
passing  out  of  the  West  Fork  will  reach  the  Missouri  in  eleven  hours, 
whereas  it  now  requires  forty-four  hours  or  more  to  reach  the  same 
point  by  way  of  the  natural  stream. 
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ESSENTIAL  FEATUBES  OF   DRAINAGE   DITCHES. 

The  experience  of  all  who  have  attempted  the  reclamation  of  leve 
lands  requiring  large  artificial  main  outlets  is  that  shallow  ditches  of 
whatever  kind  fail  in  every  case  to  give  satisfactory  drainage.  Shal- 
low ditches  for  farm  drainage  may  sometimes  give  sufficient  relief, 
but  must  be  supplemented  by  deep  main  channels  in  oi*der  to  keep  the 
lower  soil  in  condition  to  receive  and  care  for  water  coming  from 
higher  levels.  It  is  a  matter  of  history  that  no  substantial  progress 
has  been  made  in  thoroughly  reclaiming  such  land  until  deep  ditches 
have  been  constructed.  There  is  a  quite  common  opinion  that,  if  a 
certain  drainage  basin  requires  a  ditch  of  given  size,  as  the  ditch  is 
extended  through  a  similar  country  the  size  and  capacity  should  be 
increased  in  direct  proportion  to  the  additional  acreage  draining  into 
it.  This,  however,  is  not  true.  A  careful  study  of  the  watershed  of 
streams  and  a  comparison  of  the  same  with  their  channels  shows  that 
these  channels  do  not  increase  directly  as  the  area  increases,  but  that 
there  is  a  varjung  ratio  existing  between  the  two.  For  example,  at  a 
point  on  the  stream  where  the  drained  area  has  increased  20  per  cent, 
the  channel  is  enlarged  only  5  per  cent.  Where  the  area  has  increased 
40  per  cent,  the  channel  is  enlarged  only  10  per  cent.  This  is  particu- 
larly true  of  streams  where  the  drainage  of  the  additional  area  is 
brought  to  the  main  stream  in  comparatively  small  quantities.  If, 
however,  the  water  is  concentrated  and  discharged  in  large  volumes, 
the  increase  in  size  of  the  receiving  ditch  must  be  made  more  nearly 
in  proportion  to  the  volume  added.  The  reason  for  this  apparent 
paradox  is  that  the  inflow  is  distributed  over  the  entire  length  of  the 
discharging  line.  Water  which  is  near  the  main  outlet  enters  first  and 
is  discharged  before  water  from  a  more  distant  field  reaches  this 
point.  The  various  streams  from  different  distances  within  the  water- 
shed reach  the  main  at  different  points  along  its  course,  so  that,  in 
effect,  the  one  large  main  takes  the  place  of  a  large  number  of  sepa- 
rate and  smaller  outlets.  If  the  size  of  the  ditch  were  increased  in 
direct  proportion  to  the  increase  of  the  watershed  along  its  line  as  we 
proceed  downward,  it  would  soon  reach  a  size  not  at  all  commensurate 
with  economy  or  in  accordance  with  facts  commonly  observed  in 
drainage  investigations. 

The  drainage  plan  now  under  consideration  contemplates  the  con- 
struction of  two  lateral  ditches  aggregating  3.75  miles  and  also  a  sys- 
tem of  drainage  laterals  on  east  and  west  roads  amounting  to  81  miles 
in  length.  The  latter  will  be  an  excellent  and  practical  method  of  dis- 
tributing the  inflow  from  farm  and  road  drainage  along  the  entire  22 
miles  of  length  of  the  main  ditch. 
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The  estimate  of  the  cost  of  the  work  as  previously  outlined  is  as 
follows: 

Monona-IIarruioii  County  ditch. 

Main  ditch,  2,300, 700  cubic  yards $149, 546 

Laterals  Nos.  1  and  2,  77,140  cubic  yards 6, 171 

Section  line  laterals,  200,000  cubic  yards 20, 000 

Total,  2,577,840  cubic  yards 175,716 

Engineering  and  contingent  expenses,  6  per  cent 8,  785 

District  expense  of  highway  bridges 7, 000 

Total 191,501 

Total  number  of  acres  benefited 52, 340 

Average  cost  per  attre |3. 66 

Probable  range  of  cost  per  acre $2-f5 

This  looks  large  in  the  aggregate,  but,  when  distributed  over  the 
acreage  which  will  receive  marked  and  substantial  benefit,  it  is  small 
and  can  be  easily  paid  by  the  added  production  of  the  land  benefited. 
If  the  entire  cost  of  the  improvements  were  capitalized  at  6  per  cent 
annual  interest,  one  bushel  of  corn  per  acre  at  a  fair  price  would  pay 
the  interest,  and  2.5  bushels  of  corn  per  acre  per  year  for  ten  yeai-s 
would  more  than  pay  the  entire  expense  with  interest. 

The  drainage  law  of  Iowa  provides  for  the  bonding  of  a  district  to 
obtain  funds  for  executing  the  work.  This  is  a  wise  provision  and 
one  that  should  be  taken  advantage  of  in  carrying  out  improvements 
of  this  magnitude.  There  are  two  excellent  reasons  for  such  a  course 
in  this  case.' 

(1)  The  increased  valuation  and  improved  productiveness  of  the  land 
will  make  the  payment  of  interest  and  maturing  installments  easy;  the 
land  will  pay  all  bills  and  a  handsome  profit  besides.  The  bonds  may 
mature  in  ten  years,  payable  in  such  installments  as  may  seem 
desirable. 

(2)  The  money  that  would  be  paid  for  the  entire  improvement  upon 
a  cash  basis  can  be  better  expended  in  improving  and  developing  the 
land.  It  will  bring  a  higher  rate  of  interest  in  this  way  than  the 
bondholder  will  receive.  It  may  be  stated  with  confidence  that  this 
land  will  pay  a  profit  on  any  reasonable  amount  that  may  be  necessary 
to  develop  its  productiveness. 

IMPROVEM£in:  OF  LITTLE  SI0T7X  SIVER. 

By  reason  of  the  great  number  of  bends  and  the  bad  condition  of 
the  channel  of  the  stream,  the  Little  Sioux  is  inadequate  to  carry  the 
water  it  is  called  upon  to  discharge  and  should  be  improved  from  a 
point  in  section  30,  north  of  Turin,  as  far  south  as  the  Monona  County 
line.  The  construction  of  the  Monona-Harrison  County  Ditch  will 
be  of  great  advantage  to  those  holding  lands  along  the  Little  Sioux, 
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since  it  will  materially  diminish  the  quantity  of  water  which  now 
flows  into  this  treacherous  channel.  On  the  other  hand,  when  the 
Little  Sioux  overflows,  the  lands  to  be  benefited  by  the  ditch  will  be 
injured,  so  it  may  properly  be  said  tliat  the  improvements  will  be  of 
mutual  benefit  and  that  the  two  should  be  considered  together.  With 
the  improvement  of  the  Little  Sioux  in  view,  a  series  of  nine  cut- 
offs beginning  in  section  30,  north  of  Turin,  are  recommended,  which 
may  be  made  in  such  a  way  that  the  efficiency  of  the  stream  will  be 
increased  nearly  threefold. 

The  construction  of  3.75  miles  of  cut-off  40  feet  wide  will  shorten 
the  stream  12  miles.  This,  together  with  the  removal  of  the  Gumbo 
Rapids  near  the  south  line  of  Monona  County,  will  so  improve  the 
channel  that  it  will  care  for  all  the  water  brought  to  it.  The  natural 
channel  of  this  river  in  Harrison  County  is  an  excellent  one,  so  that 
the  land  contiguous  to  it  has  not  been  inundated,  according  to  the 
information  so  far  gathered.  The  cost  of  this  improvement  is  esti- 
mated as  follows: 

Improvement  of  Little  Sioux  River. 

9  cut-offs,  aggregating  3.66  miles,  including  removal  of  Gumbo 

Rapids— 545, 900  cubic  yards $43, 672 

Engineering  and  contingent  expenses,  5  per  cent $2, 184 

Total $45,856 

Number  of  acres  benefited  on  east  side  of  river 6, 500 

Average  cost  per  acre $7. 05 

Cost  of  the  tivo  improvement*. 

Monona-Harrison  County  ditch $191, 501 

Little  Sioux .' $45, 856 

Total $237,357 

Total  number  of  acres  beuefite<l 58, 840 

Average  cost  per  acre $4. 03 

IMPROVEMENT   OF   STREAMS   BY   T.EVEES. 

This  part  of  the  subject  should  not  be  passed  without  referring  to 
another  method  of  controlling  the  ovei*flow  and  reclaiming  the  valley 
which  is  proposed  by  some  who  have  given  the  subject  much  thought 
and  investigation.  It  involves  the  construction  of  levees  or  dikes 
along  the  banks  of  the  stre^ims  to  confine  and  conduct  the  water  to  the 
Missouri  River,  and  is  regarded  by  some  as  an  essential  part  of  recla- 
mation works.  It  should  be  said  regarding  levees  that  thc}^  do  not 
drain  land.  Their  only  office  is  to  prot<ict  it  from  overflow.  When 
levees  are  used  to  increase  the  flood  (capacity  of  streams  the  volume 
of  water  is  carried  above  the  surface  of  the  adjoining  valley  land.  In 
the  case  of  the  Little  Sioux  the  flood  level  of  the  stream  would  be  12 
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feet  or  more  above  the  valley  land  that  it  is  desired  to  protect  and 
drain.  Furthermore,  they  rather  increase  the  necessity  for  di^ainage, 
since  there  is  an  unavoidable  seepage  when  water  is  carried  high  above 
the  surface  of  the  surrounding  land.  Leveeing  is  not  regarded  advis- 
able where  a  gravity  outlet  by  excavation  can  be  obtained.  It  is  wiser 
to  drop  the  water  by  means  of  ditches  and  carry  it  below  the  surface 
than  to  mass  it  above  the  surface  and  thereby  take  the  risk  of  breaks 
and  seepage.  In  addition  to  an}'  levee  system  that  may  be  constructed 
there  must  also  be  ditches  for  land  drainage.  The  plan  of  accomplish- 
ing both  objects  by  one  system  will  commend  itself  to  anyone  who  will 
consider  all  phases  of  the  subject.  It  is  never  considered  wise  to  use 
levees  for  the  protection  of  land  where  ditches  will  accomplish  the 
desired  purpose. 

UNDKRDRAINAGE. 

Another  point  which,  in  comparison  with  the  problems  just  discussed, 
seems  insignificant  should  not  be  passed  over  in  the  plans  for  the 
drainage  of  this  valley.  It  does  not  require  much  prophetic  vision  to 
see  that,  with  proper  attention  given  to  the  subject  by  intelligent  and 
enterprising  landholders,  land  which  to-day  is  submerged  will  in  time 
be  all  that  could  be  desired  in  productive  farming  land.  It  will  be 
found  profitable  to  underdrain  much  of  this  bottom  land,  and  the  plan 
under  contemplation  should  be  made  with  that  end  in  view.  It  is  the 
history  of  all  similar  rich  bottom  lands  that,  as  soon  as  suJBScient  sur- 
face drainage  has  been  provided,  underdrainage  is  taken  up  not  as  a 
necessity,  but  as  a  profitable  investment.  Surface  drainage  and  ade- 
quate outlets  must  be  first  provided.  The  road  ditches  proposed  as  a 
part  of  this  system  may  easily  be  deepened,  so  that  they  may  be  used 
as  outlets  for  tile  drains.  It  is  safe  to  say  that  in  ten  3^ears'  time  this 
valley  will  contain  many  underdrained  farms  and  be  one  of  the  most 
productive  sections  of  the  State. 

DRAINAGE  DISTRICTS  IN  HAHCOCE:  COTIHTT,  IOWA. 

Hancock  County  is  at  the.  headwaters  of  several  small  streams 
which,  while  they  indicate  the  course  of  drainage,  have  insufficient 
capacity  as  drainage  channels.  The  soil  is  of  excellent  quality  and 
hence  the  farms  have  not  lacked  occupants.  Much  of  the  land  has 
a  rolling  surface,  but  there  is  sciircely  a  farm  some  part  of  which  does 
not  require  artificial  drainage,  while  many  farms  during  the  year  1903 
yielded  no  profit  owing  to  the  continued  wet  season.  The  necessity 
for  extended  drainage  work  with  a  view  to  opening,  enlarging,  and 
deepening  the  natural  channels  is  acknowledged  hy  all  landowners  in 
that  county.  Such  work  requires  the  organization  of  drainage  dis- 
tricts which  shall  include  the  watershed  and  provide  for  the  construc- 
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tion  of  main  channels  which  must  be  extended  downstream  to  a  point 
where  the  natural  stream  is  well  defined  and  adequate  to  carry  tlie 
water  brought  to  it.  The  size  of  the  drainage  districts  in  Hancock 
County  varies  from  6,000  to  40,000  acres.  Some  of  the  conditions 
found  in  an  examination  of  several  of  these  districts  are  common  to 
other  localities.  As  the  entire  field  can  not  be  covered  in  this  discus- 
sion, some  of  the  salient  points  only  will  be  considered. 

The  new  drainage  districts  in  Hancock  County  include  the  head- 
waters of  branches  which  form  the  Iowa  and  Boone  rivers.  In  this 
respect  they  are  independent  of  drainage  coming  to  them  from  outside 
territory,  since  each  district  is  designed  to  include  the  headwaters  of 
a  stream.  This  is  the  correct  method  of  providing  for  general  land 
drainage.  It  is  more  efficient,  because  the  main  drains  may  be  propor- 
tioned for  the  drainage  they  will  be  called  upon  to  carry.  The  work 
can  be  done  more  cheaply  when  designed  and  handled  as  one  proposi- 
tion than  if  carried  out  in  small  ti'acts  at  different  times  and  by  sepa- 
rate organizations.  It  can  also  be  made  more  complete  and  effective 
than  it  would  be  if  done  piecemeal  as  the  necessity  for  drainage  of  the 
outlying  lands  forced  itself  upon  their  owners.  At  all  events,  this  is 
the  experience  of  other  localities  where  similar  conditions  exist. 

There  are  several  matters  to  be  taken  into  consideration  in  the 
formation  of  drainage  districts,  all  of  which  are  important  from  an 
engineering  as  well  as  the  landowner's  standpoint.  First,  a  general 
or  final  outlet  for  all  the  drainage  water  which  it  is  necessary  to  remove 
from  the  entire  district  during  a  wet  season,  or  the  maximum  rainfall 
in  ordinary  seasons.  Second,  such  bi*anches  as  may  be  required  to 
give  each  owner  an  outlet  for  the  drainage  of  his  land,  except  perhaps 
those  who,  by  mutual  agreement,  can  ari'ange  for  their  own  outlets  to 
the  nearest  district  lateral.  Third,  a  sufficient  depth  of  these  drains 
to  permit  all  land  in  the  district  to  be  underdrained  to  a  depth  of  3  or 
4  feet.  Fifth,  the  most  practical  location  of  drains,  their  proper  shape, 
and  the  disposition  of  the  excavated  earth. 

The  facts  and  conditions  bearing  upon  these  several  points  are  of  a 
local  nature  and  should  be  examined  closely  before  anj^  plans  are 
adopted.  The  object  to  be  attained  is  thorough  drainage  for  the  farm 
land,  the  need  of  which  is  seen  and  appreciated  l)v  every  landowner  in 
the  county.  The  soil  is  open  in  structure,  takes  water  readily  from 
the  surface,  and  admits  of  free  percolation.  The  drift  formation 
lacks  the  clay  element  to  a  large  extent,  making  it  an  easy  soil  to 
drain,  yet  probably  fully  as  large  a  percentage  of  soil  water  will 
finally  reach  the  drains  and  lower  levels  by  percolation  as  from  stiffer 
soils,  though  not  so  much  will  reach  them  bv  surface  overflow.  The 
low  lands  are  nearly  level,  while  the  lands  bordering  each  depression, 
pond,  or  slough  are  undulating  and  in  many  cases  have  quite  steep 
slopes  toward  the  depression.  The  soil  being  open  and  readily  admit- 
ting rainfall,  seeped  land  at  the  foot  of  the  slopes  results  requiring 
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underdrainage  for  its  relief,  while  all  of  the  more  level  lands  are  at 
present  i^wamp  and  useless.  The  level  notes  on  file  show  a  surface 
slope  of  2  feet  to  the  mile  in  some  instances,  while  other  portions  of 
these  flats  are  absolutely  level.  This  admits  of  but  little  surface 
drainage  of  the  land  in  its  natural  condition. 

DITOHES. 

The  value  of  deep  ditches — hy  which  is  meant  those  from  6  to  10  feet 
deep — for  this  territory  can  not  be  overestimated  (PI.  V).  In  many 
instances  the  entire  grade  for  lateral  drainage  must  be  made  by  addi- 
tional depth  at  the  outlet.  The  velocity  and  carrying  capacity  of  the 
ditch  increase  with  the  depth.  For  example,  water  6  feet  deep  will 
have  a  mean  velocity  40  per  cent  greater  than  water  only  2  feet  deep 
in  the  same  ditch.  Water  running  8  feet  deep  will  have  twice  the 
velocity  of  that  only  1  foot  deep  in  the  same  width  of  ditch.  This 
explains  why  shallow  ditches  on  light  grades  are  such  marked  failures 
as  drainage  outlets.  Again,  no  water  can  flow  away  through  shallow 
ditches  until  the  land  is  practically  saturated  to  the  surface.  The 
little  drainage  then  afforded  b}'^  reducing  the  surface  level  of  the  water 
\s  of  but  little  value  to  cultivated  crops. 

SIZE. 

It  is  of  the  highest  importance  that  main  ditches  be  constructed  of 
ample  capacity  for  the  work  required.  The  main  ditches  must  carry 
all  surplus  from  unusual  rainfall  and  at  the  same  time  not  overflow  or 
seriously  retard  the  drainage  of  outlying  fields.  It  is  customary  to 
design  them  to  remove  a  given  depth  of  water  from  the  entire  water- 
shed in  twenty-four  hours.  In  this  locality  drains  are  planned  to 
remove  0.5  inch  in  depth  each  twenty-four  hours,  without  being  filled 
more  than  two-thirds  of  their  available  minimum  depth.  The  mini- 
mum depth  of  these  ditches  should,  with  a  few  exceptions,  be  7  feet. 
Should  a  storm  of  extraordinary  violence  occur,  it  is  expected  that 
the  ditches  will  be  full  for  only  a  short  time. 

Regarding  the  size  for  the  smaller  open  laterals,  the  better  practice 
is  to  make  them  larger  than  may  be  necessary  to  serve  the  area  to  be 
drained.  In  order  to  give  them  the  required  depth  and  a  width  which 
can  be  afterward  maintained,  the  bottom  should  be  3  or  4  feet  wide. 
Aminimum  width  of  3  feet,  with  side  slopes  of  1^  to  1,  is  recommended. 
Laterals  should  be  constructed  of  large  drain  tile  where  possible,  and 
their  size  should  be  carefully  proportioned  to  the  area  to  be  drained. 
An  approximate  guide  in  this  work  is  as  follows: 

A  line  of  12-inch  tile  on  a  grade  of  0.1  foot  per  100  feet,  not  over 
1,000  feet  in  length,  will  give  drainage  for  160  acres  of  land;  on  a 
grade  of  0.2  foot  per  100  feet,  it  will  drain  200  acres. 

A  line  of  lO-inch  tile  on  a  grade  of  0.1  foot  per  100  feet,  1,000  feet 
long,  will  drain  100  acres.     While  tile-drains  of  this  size  with  accom- 
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Land  Dredge  Excavating  a  Ditch  7  Feet  Deep  in  Northern  Iowa. 
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panying  overflow  channels  will  apparently  drain  more  than  this  area 
in  some  seasons,  it  will  not  l)e  safe  to  exceed  these  limits  if  permanent 
work  is  desired. 

DIFFICULTIES   WITH   NKW    DITCHES. 

There  are  some  difficulties  in  the  construction  and  maintenance  of 
deep  ditches  which  are  not  experienced  with  shallow  ones.  They 
carry  more  water  and  have  a  greater  velocity  of  flow,  consequently 
the  sides  of  the  ditches  are  eroded  more  than  is  the  case  in  shallow 
ditches.  The  most  critical  time  with  these  ditches  is  the  first  year 
after  construction.  Unless  the  bottom  width  be  somewhat  greater 
than  would  otherwise  be  required,  the  caving  of  the  sides  may  obstruct 
the  center  of  the  channel  during  the  first  year,  greatly  interfering 
with  its  usefulness.  If  there  is  room  at  the  bottom  for  these  changes 
the  center  of  the  channel  will  be  less  likel}^  to  become  obstructed  and 
may  be  more  easily  cleaned.  All  open  channels  such  as  road  ditches 
and  farm  overflows  should  discharge  into  the  ditches  b}^  means  of 
slopes  50  to  75  feet  long,  cut  down  to  within  a  foot  of  the  bottom  of 
the  main,  instead  of  by  overfalls,  in  order  to  avoid  washing.  When- 
ever drain  tile  can  be  used,  it  may  be  laid  through  the  waste  bank  and 
berm  to  discharge  2  feet  from  the  flow  line  of  the  ditch.  This  is  always 
the  preferable  way  of  carrying  surface  water  into  a  ditch.  The  berm 
of  the  ditch  should  be  of  such  width  that  the  weight  of  the  excavated 
earth  will  not  crush  the  ditch  banks.  Difficulties  of  this  kind  occur 
only  during  the  construction  of  the  ditch,  when  the  lower  earth  is 
filled  with  water  and  has  little  stability.  As  soon  as  this  water  drains 
out  the  earth  is  always  sufficiently  firm  to  sustain  the  waste  banks. 
Berms  6  feet  wide  are  found  to  be  sufficient  for  this  purpose,  though 
if  the  earth  is  thrown  and  scattered  farther  away  the  subsequent  labor » 
of  grading  down  the  waste  banks  will  be  less. 

Some  of  these  swamp  lands  are  covered  with  a  heavy  turf  of  a  peaty 
nature  which  will  shrink  or  settle  when  drained,  so  that  the  ditches 
through  these  tracts  may  be  found  1  foot  less  in  depth  when  the  land 
becomes  drained.  In  some  muck  swamps  this  settlement  takes  place 
in  the  bottom  and  displac^es  the  grade  line  of  the  ditch.  This  will 
probably  not  be  the  case  in  these  districts,  for  the  bottom  material  is 
clay,  sand,  or  gravel,  and  the  grade  will  remain  as  dug.  There  are, 
however,  peaty  soils  found  in  ponds  which  when  drained  will  shrink 
materially  and  leave  the  drain  much  nearer  the  surface  than  originally 
placed.     This  shrinkage  may  in  some  instances  be  as  great  as  1  foot. 

STRAIGHTENING  OBOOXED  WATEBWATS. 

Ditches  should  be  as  straight  as  is  consistent  with  economy  of  con- 
struction. At  the  same  time  they  should  be  so  located  as  to  be  conven- 
iently reached  by  each  landowner.    It  is  a  matter  to  be  decided  mainly 
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by  the  topography  of  the  land.  It  is  not  desirable  to  divide  farms 
into  fields  of  inconvenient  shapes,  neither  is  it  wise  to  take  the  ditch 
far  out  of  the  geneml  water  course  as  indicated  by  natural  drainage. 

SUBVETS  AND  PERMANENT  BEOOBDS  OF  WOBK. 

Preliminary  surveys  and  maps  should  be  complete  and  full  data 
should  he  gathered  and  placed  on  the  maps.  Every  owner  of  land 
within  a  proposed  district  is  concerned  and  his  interest  should  be 
looked  after  minutely  in  the  development  of  a  drainage  plan.  A  series 
of  bench  marks  should  be  established  in  each  district,  so  that  when 
repairs  on  ditches  are  required  the  original  grade  line  may  be  repro- 
duced and  the  ditches  cleaned  out  to  the  depth  originally  dug. 
Amended  maps  and  profiles*  of  the  work  as  finally  completed  should 
be  filed  for  future  reference.  The  value  of  these  will  be  appreciated 
when  it  is  remembered  that  practically  every  owner  of  land  who  pays 
an  assessment  toward  the  cost  of  the  work  has  acquired  certain  drain- 
age rights  which  will  pass  to  consecutive  owners.  The  improvements 
are  permanent  and  are  of  public  as  well  as  private  value. 

TJHDERDRAIHAGE  TO  PREVENT  HILLSIDE  EROSIOH. 

An  experiment  was  made  with  underdrains  on  hillside  land  in  the 
State  of  Georgia  during  the  past  season  for  the  prevention  of  hillside 
washing.  The  red  hill  land  of  north  Georgia  constitutes  a  large  part 
of  the  productive  fields  of  that  part  of  the  State.  The  steeper  slopes, 
when  cultivated,  are  easily  eroded  by  the  heavy  rainfall  which  occurs 
in  the  South  during  the  winter.  The  surface  freezes  slightly  in  the 
winter,  which  renders  the  soil  all  the  more  easily  moved  by  subse- 
quent rains.  Many  hillsides  have  been  abandoned  to  gullies,  broom 
grass,  and  briei's  on  account  of  surface  washing.  Terracing  has  been 
resorted  to  quite  largely  for  the  preservation  of  hill  lands.  It  has 
been  o])serted  that  the  lower  portions  of  the  slopes  receive  the  greater 
injury  from  this  washing.  The  water  from  the  upper  part  of  the  hill 
not  only  concentrates  in  such  natural  depressions  as  exist  on  the  sur- 
face, })ut  the  water  which  sinks  into  the  soil  oozes  out  at  different 
horizons  about  the  hill  and,  by  softening  certain  portions,  makes  them 
easily  susceptible  to  the  action  of  the  water,  which  speedily  washes 
away  the  saturated  soil.  The  holes  thus  formed  make  starting  points 
for  the  hillside  ditches.  The  cultivator  may  fill  the  ditches  from  time 
to  time,  but  the  oozing  water  at  their  heads  pei-petuates  the  conditions 
under  which  they  were  first  formed,  so  that  no  material  progress  is 
made  in  the  repair  of  the  injury.  Several  such  seeped  spots  give  rise 
to  corresponding  small  ditches  which  soon  become  deep  gullies  and 
eventually  necessitate  the  abandonment  of  the  field. 

The  experiment  to  test  the  efficiency  of  underdrains  for  the  preven- 
tion of  hillside  erosion  of  this  description  was  made  on  the  farm  of 
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Dr.  L.  G.  Hardman,  of  Harmony  Grove,  Ga.  The  field  had  been 
cultivated  at  one  time  but  was  abandoned,  and  at  the  time  the  experi- 
ment WRS  made  wa«  deeply  gullied  and  given  over  to  briers  and  wild 
grass.  Stone  dams  had  been  used  at  various  points  to  prevent  the 
further  deepening  of  the  ditches.  In  making  the  improvement  lines 
of  4-inch  drain  tile  were  laid  across  the  slope,  intersecting  the  upper 
edge  of  the  seeped  spots  at  a  depth  of  about  2.5  feet,  and  were  con- 
tinued to  a  free  outlet.  The  drains  were  laid  in  this  way  for  the  pur- 
pose of  intercepting  the  water  which  oozed  down  the  slope  underneath 
the  surface  and  cropped  out  at  some  lower  point  on  the  surface  of  the 
hill.  It  is  expected  that  the  carrying  away  of  the  seepage  water  will 
render  the  surface  as  firm  at  these  points  as  at  others  and  so  prevent 
the  formation  of  ditches.  After  the  drains  were  laid  the  gullies  were 
filled  and  the  surface  graded  and  dressed  in  such  a  way  that  all  the 
surface  water  would  be  scattered  instead  of  concentrated.  No  terraces 
or  ditches  have  been  maintained. 

One  season  has  elapsed  since  the  improvement  was  made.  A  crop 
has  been  raised  and  the  ground  fall-plowed  and  seeded  to  wheat.  No 
washing  has  occurred,  and  so  far  the  experiment  has  been  successful. 
It  should  be  said,  however,  that  the  rainfall  has  been  deficient  this 
year,  so  that  further  time  must  pass  before  the  full  value  of  the 
experiment  can  be  determined. 

GEHERAL  CONCLTISIOHS. 

(1)  Where  possible  surface  and  soil  water  should  be  intercepted 
before  entering  a  farm  leather  than  drained  from  it.  This  can  be  done 
if  the  drain  is  so  located  as  to  intercept  the  underflow.  It  may  often 
be  necessary  to  supplement  these  drains  with  wells. 

(2)  Alkali  can  be  washed  out  of  land  and  prevented  from  a(*.cumu- 
lating.  The  prevention  of  the  accumulation  of  alkali  is  more  simple 
than  the  reclamation  of  land  after  it  has  been  rendered  unproductive. 
The  results  of  practice  thus  far  show  that  where  soils  are  deep,  loose, 
and  contain  but  little  clay,  drains  should  be  laid  from  4  to  5  feet  deep 
and  may  be  from  200  to  300  feet  apart.  Heavier  soils  ma}-  be  drained 
from  3  to  3.5  feet  deep  with  good  effect  by  drains  from  100  to  150  feet 
apart.  When  drains  have  been  provided  the  water  supplied  by  winter 
i-ains  and  summer  irrigation  will  steadily  reduce  the  quantity  of  alkali 
in  the  soil.  Drain  tile  and  also  l)ox  drains  may  be  used.  Each  has  its 
appropriate  place.  The  former  will  come  into  more  general  use  as 
soon  as  plants  for  its  manufacture  are  located  more  conveniently  to 
those  areas  requiring  drainage.  Open  trenches  should  be  used  only 
as  outlets,  for  the  reason  that  it  is  difficult  to  keep  them  cleaned  out  to 
the  depth  at  which  they  should  be  maintained  and  free  from  noxious 
weeds.  They  are  inconvenient  in  irrigated  fields  and  undesirable 
wherever  underdrains  can  be  employed. 
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(3)  The  pumping  of  drainage  water  in  localities  where  there  is  no 
convenient  outlet  iv*^  as  necessary  and  as  practical  in  irrigated  areas  as 
it  is  in  the  reclamation  of  low  lands  in  the  humid  areas  where  gravity 
outlets  are  impracticable. 

(4)  While  the  necessity  for  the  drainage  of  irrigated  lands  will 
doubtless  be  less  obvious  when  water  is  more  economically^  used  and 
supply  canals  are  improved  in  such  a  way  as  to  diminish  leakage,  a 
considerable  loss  of  water  from  both  causes  will  always  be  unavoida- 
ble, so  that  drainage  will  always  be  an  essential  part  of  the  improve- 
ment of  irrigated  land  in  some  localities. 

(5)  The  complete  drainage  of  farm  lands  in  humid  belts  can  be 
effected  only  by  the  enlargement  and  general  improvement  of  the 
minor  arterial  streams  which  receive  the  drainage  and  by  the  excava- 
tion of  new  ditches  where  natural  streams  are  insufficient.  As  the 
low  lands  near  the  streams  are  transformed  into  farms,  they  must  be 
protected  from  the  overflow  which  periodically  endangers  them.  This 
must  be  considered  in  connection  with  the  more  complete  improvement 
of  higher  lands,  the  drainage  of  which  contributes  to  the  supply 
of  main  streams.  So  many  phases  of  the  drainage  problem  are 
involved  that  the  investigation  resolves  itself  into  an  examination  of 
individual  cases  in  which  local  as  well  as  general  difficulties  must  be 
considered. 

(6)  The  ultimate  removal  of  the  surplus  soil  water  from  the  fields 
is  the  end  sought.  At  the  same  time,  the  proper  conservation  and 
distribution  of  the  water  should  be  considered  more  fully  in  the 
improvement  of  farm  lands  than  it  has  been  in  the  past.  The  rate  of 
removal  of  water  from  soils  should  be  as  slow  as  is  consistent  with 
efficient  drainage. 

(7)  During  the  past  year  new  drainage  laws  have  been  enacted  in 
Arkansas,  California,  Nebraska,  and  Idaho,  and  amendments  to  exist- 
ing drainage  laws  have  been  passed  in  ten  other  States,  Such  laws 
are  essential  to  work  in  land  drainage  where  the  improvement  affects 
the  property  of  two  or  more  owners.  The  organization  of  di-ainage 
districts  under  the  provisions  of  the  State  laws  permits  the  drainage 
of  large  areas  in  such  a  way  that  the  rights  and  privileges  of  landown- 
ers are  secured.  The  need  of  cooperation  among  land  owners  in  carry- 
ing out  almost  ever}'-  plan  for  comprehensive  drainage  is  felt  whenever 
such  work  is  attempted.  The  varying  interests  of  property  owners 
affected  by  proposed  improvements  must  be  considered  in  connection 
with  natural  drainage  rights  and  advantages  which  each  has  acquired 
with  the  title  to  his  land.  Many  complex  questions  of  law  and  equity 
arise  in  carrying  out  what  is  known  to  the  law  as  "combined  drain- 
age," necessitating  in  many  instances  a  liberal  interpretation  of  the 
statute  by  both  court  and  people. 
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